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THE PRESENT POSITION OF THE 
NEBULAR HYPOTHESIS.* 


J. H. JEANS. 


Among scientific speculations, the Nebular Hppothesis holds, and for 
over a century has held, a unique position. It is unique in its absorbing 
interest and in its world-wide fame—these are mere commonplaces. It 
is unique also in the remarkable longevity of its speculative aspects. 
Put forward in 1755 by Kant, and again independently in 1796 by 
Laplace, it is still in 1918, in the opinion of most astronomers, a specu- 
lation which has been neither proved nor disproved. Such a length of 
life, although it would be small for the speculations of metaphysics, is 
almost unparalleled in natural science. The fundamental reason for 
this great length of life will perhaps be found in the extreme difficulty 
of obtaining either observational or theoretical tests of the truth of the 
hypothesis. 

In the more definite form in which it was left by Laplace, the 
hypothesis dealt only with the genesis of the solar system, and the 
origin of the systems of planets and satellites composing it. A hot 
nebulous mass of gas is supposed to be flattened in shape as a result 
of rotation, and to shrink continually as it cools. In accordance with 
the principle of conservation of angular momentum the diminution in 
size must be accompanied by a continual increase in the velocity of 
rotation. When the rotation has reached a certain speed, centrifugal 
force will, according to Laplace, outweigh the gravitational attraction 
of the mass at its equator, and the result is supposed to be that a ring 
of matter is thrown off from the equator. Thus if we accept Laplace’s 
beliefs, the primitive nebula becomes in time surrounded by a system 
of rings somewhat similar to the rings of Saturn, and these finally 


* Reprinted from Scientia, October, 1918. 
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agglomerate into planets. As the shrinkage still continues, the same 
sequence of events occurs to these planets, so that we finally find them 
surrounded by satellites. 

Such a hypothesis admits of being tested in two ways, by observation 
and by mathematical research. Laplace may perhaps have hoped that 
the telescopes of the future would reveal numerous systems of stars in 
different stages of evolution, so that the life history of such systems 
could be deduced. And the Nebular Hypothesis might be considered 
proved with sufficient rigour, if we found in the sky systems in the 
various stages described by Laplace, ending up with a great number of 
systems similar to our own. So far from this being the case, observa- 
tional astronomy has so far failed to discover a single other stellar 
system which is in the least degree similar to our solar system, or 
which seems in the remotest degree likely to develop into such a sys- 
tem. This may perhaps be due to the limitations of our instruments, 
but the fact remains; the attempt to test the theory observationally 
leads at the best to a closed door. 

There are no such limitations to the possibility of testing the theory 
by mathematical research. The properties of a gas are well known; 
the dynamics of rotation are fully understood. The mathematician 
may accordingly be asked to discover what sequence of configurations 
would be assumed by a mass of rotating gas, shrinking gradually as it 
cooled. It is a fair problem to propound to him. If he cannot solve it 
his excuse cannot be the limitations of the power of telescopes; it can 
only be the limitations of the human mind. And yet, so intricate is 
the problem that, in spite of its extreme interest and fundamental im- 
portance, it still remains only partially solved. 

We can understand some of the intricacies of the problem by consid- 
ering a much simpler terrestrial problem. The surface of the ocean, as 
we know, is approximately spheroidal in shape. The vertical at any 
point is determined by the direction of the resultant of two forces— 
centrifugal force arising from the earth’s rotation, and gravity arising 
from the joint attraction of the earth and sea. And the surface of the 
sea is determined by the condition that this resultant shall act perpen- 
dicularly to the surface at every point. 

Fortunately for the geodesists, the earth and sea form together a 
nearly spherical mass, and there is no difficulty in writing down the 
gravitational attraction of a nearly spherical mass. But in the cosmo- 
gonic problem, the matter stands very differently. The rotating mass 
of gas is of unknown shape, and the variations of density are unknown; 
clearly the difficulty of calculating the gravitational attraction will be 
very great. 
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Naturally enough, then, the first attempts to solve this problem were 
limited to a simplified ideal problem, in which the simplest conditions 
were assumed; the real astronomical matter was supposed replaced by 
homogeneous and incompressible matter so that all complications aris- 
ing from variations of density were avoided. Even this simplified 
problem has taxed the skill of some of the most eminent mathematicians 
—among those who have worked at it may be mentioned Maclaurin, 
Jacobi, Lord Kelvin, Poincaré and Sir G. Darwin. After much labor 
the sequence of events in a rotating mass which shrinks while remain- 
ing always homogeneous is fairly well established. When the mass is 
of low density so that its rotation is slow, its shape differs from a 
sphere only in being slightly flattened or orange-shaped; it is an oblate 
spheroid of small eccentricity. As shrinkage proceeds and the speed 
of rotation increases the flattening increases in amount, but the figure 
retains an exact spheroidal shape until a stage is reached at which the 
axes have a ratio of about 7:12:12. At this stage the somewhat disc- 
like figure which has been reached exhibits a tendency to crumple up 
about one of its equatorial diameters. It is accordingly found that 
further shrinkage leads, not to a still more flattened spheroidal figure, 
but to an ellipsoidal figure. The ellipsoid has its two longer axes equal 
at first, but as shrinkage proceeds the ellipsoid becomes more and 
more elongated until a somewhat cigar-shaped figure is reached having 
its axes in the ratio 642:8:19. A tendency now appears for a furrow 
to form near, but not actually across, the middle of this cigar-shaped 
ellipsoid. The ellipsoid, deformed by such a furrow forms the celebrated 
pear-shaped figure of equilibrium, of which the existence was first 
demonstrated by Poincaré, and which has been the subject of elaborate 
mathematical research by Poincaré, Darwin, Liapounoff and others. It 
has now been established that these pear-shaped figures are unstable: 
the sequence of events when once the pear-shaped figure is attained 
appears to be that the furrow forms rapidly and deepens until the 
rotating mass finally divides into two detached portions. It appears 
fairly certain that these masses, although unequal, would approximate 
to equality in size, but this has not been rigorously proved. 

This fission into two detached masses is of course not the end of the 
story. Each body into which the original mass has divided is itself a 
shrinking and rotating mass; the sequence of events already described 
may be expected to repeat itself. This last chapter of the story has 
been sketched out by Professor H. N. Russell. In brief Russell has 
shown that the larger of the two masses must break up first, and that 
the distance apart of the last pair formed will be small compared with 
that between this pair and the companion-star. 
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The importance of this is as follows. In the sky there are thousands 
of binary and multiple stars—Jonckheere’s recent catalogue alone con- 
tains 3950. In most cases the telescope reveals merely two stars 
revolving about one another. In about one case in ten, the star, when 
examined under a telescope of sufficient resolving power, proves to be 
a triple system. And Russell finds, as the result of a statistical discus- 
sion, that those triple systems in which the separation is not above a 
certain limit (about 1000 years proper-motion) shew just those char- 
acteristics which his theoretical investigation shewed to be necessary 
in a system which has broken up under increasing rotation. 

Thus Russell’s investigation leaves little room for doubt that the 
ordinary binary and multiple systems found in the sky have been 
formed by the action of rotation on a continually shrinking mass. But 
the whole mechanism of breaking up is, as we have seen, very different 
from that imagined by Laplace, and the final product is, if possible, 
still more different. Of all the multiple and binary systems known, not 
one shews any resemblance to the solar system. 

It will not, however, have been forgotten that Laplace postulated a 
primaeval nebula of extreme tenuity and of the compressibility of a 
gas, whereas the mathematical investigations we have been considering 
have assumed the matter under discussion to be absolutely incompress- 
ible and homogeneous. Clearly we are not yet in a position to pro- 
nounce against the Nebular Hypothesis. There is a possibility, and 
indeed even a probability, that the sequence of events in a tenuous 
compressible mass will be very different from that in a perfectly in- 
compressible mass. We have, so to speak, discussed so far only what 
happens to a rotating mass of water; to test the nebular hypothesis 
we must examine the behaviour of a rotating mass of gas. 

One feature which is essentially present in a mass of gas or other 
compressible matter in equilibrium under its own gravitation is not 
reproduced at all in the incompressible mass—namely, the increase of 
density towards the centre. The exact law of increase is naturally a 
subject for mathematical discussion; it is found to depend on the 
temperature gradient and this in turn will depend on the origin and 
past history of the mass. The complete problem here presented is so 
complex as to be quite beyond the reach of mathematical analyses at 
present. Only approximate solutions are available. 

As far back as 1855, Roche discussed the extreme limiting case of 
matter so compressible that practically the whole mass may be sup- 
posed concentrated close to the center of gravity, the outlying parts 
forming merely an “atmosphere” of density negligible in comparison 
with that of the central region. For the mathematician this simplified 
problem has one great attraction; whether the mass is rotating or at 
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rest, the gravitational force from the whole mass is the same as that 
from a heavy particle situated at the centre, and this can be written 
down at once. It accordingly becomes a simple matter to investigate 
what figures will be assumed by the boundary of the “atmosphere” as 
it shrinks and the rotation increases. With slow rotation, it is found 
that the boundary will be a spheriod, just as for a mass of incompressi- 
ble matter. With increasing rotation the spheroidal form is departed 
from and a lens-shaped figure takes its place. Roche found that when 
a certain critical velocity is reached this lens-shaped figure develops a 
perfectly sharp edge round its equator, the figure of the boundary being 
at this stage very approximately that of a symmetrical double convex 
lens of thickness equal to two-thirds of its diameter. This critical 
velocity having once been attained, any further increase of velocity 
produced by further shrinkage does not result in a further change of 
shape; it results in matter being ejected from the periphery of the 
lens, while the lens retains its shape but of course with diminishing 
size. This is almost precisely the course of events predicted by Laplace. 

But is Roche’s artificial model likely to represent faithfully the events 
in an actual mass of gas? For in an actual mass the central conden- 
sation is of course nothing like so pronounced as that imagined by 
Roche. Indeed in this respect an actual mass of gas will hold an 
intermediate position between the model of Roche in which the central 
condensation is extreme, and the incompressible model studied by 
Poincaré, Darwin, etc., in which there is no central condensation. We 
might reasonably expect its behaviour also to be intermediate between 
that of the two models, but this proves not to be the case. 

Some mathematical investigations I have recently undertaken indi- 
cate that the model of Roche will give an extraordinarily accurate 
representation of the behaviour of actual gas so long as the density of 
this gas is low—roughly speaking, less than about a quarter of that of 
water. But at a critical density of about a quarter of that of water, a 
sharp and sudden change occurs, and for densities higher than this, the 
motion of a rotating gas approximates very closely to that of an in- 
compressible mass. 

There is general agreement among astronomers that in the-general 
trend of evolution, matter increases in density. In its youth astron- 
omical matter is of low deusity; in old age, it is of high density. Thus 
young masses of matter in rotation will break up in the way pictured 
by Laplace; old matter will break up in the manner shewn to us by 
Darwin and Poincaré. 

We have already discovered visual evidence of the reality of the 
latter method of break-up in the systems of binary and triple stars 
observed in the sky. And these, as they ought to be, are o/d matter 
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in our sense of the term: their density generally speaking, is above a 
quarter of that of water. Doubtless, as Russell and Shapley have 
shewn, there are double stars of densities much less than this, but they 
are somewhat exceptional. Campbell's investigations on spectroscopic 
binaries suggest that stars begin, as a general rule, to break up just 
about when they attain to what we are calling old age—when their 
density is about roughly a quarter of that of water. 

But now what about the break up of the younger matter; which 
ought to follow the programme of Laplace and Roche? Can we any- 
where find visual proof of the realily of this other method of break-up? 
Can we, in other words, find in the sky any evidence of rotating masses 
of gas or other cosmical matter, these being of low density, of lenticular 
shape, and throwing off matter from their equators as they rotate? In 
the opinion of the writer, the sky is full of just such masses; they are 
the spiral nebulae. 

By many the spiral nebulae are thought of as a pair of arms without 
a body, but for the moment we must fix our attention on the body or 
nucleus which is invariably present. Is it lenticular in shape? Does 
it rotate about its axis of symmetry? Does it throw off matter from 
its periphery? To each of these questions recent observation gives an 
affirmative answer. 

Are the nuclei lenticular in shape? The shape can of course only 
be studied by catching in the telescope nebulae which are seen almost 
or quite edgewise-on. Of such nebulae the best known is the nebula 
in Coma Berenices (H. v.24), and the nucleus, although not very clearly 
defined, is readily seen to be lenticular in shape. Five more satisfactory 
nebulae appear edgewise on in the recent fine collection of photographs 
published by Pease from Mount Wilson.—Their N. G. C. numbers are 
3115, 4216, 4594, 5746, 5866, and in each case the nucleus is seen, with 
more or less clearness, to be lenticular in shape. 

Do these nebulae rotate about their axis of symmetry? Nothing was 
known as to the rotation of nebulae before 1914, in which year Slipher 
announced the rotation of the nebula in Virgo, N. G. C. 4594 already 
mentioned. Since then other nebula have been found to be in rotation, 
always about their axes of symmetry. The spectroscopic discovery of 
rotation is an operation of very extreme delicacy and difficulty, all the 
more so as the spiral nebulae give mainly continuous spectra. For this 
reason the number of known cases of nebular rotation is small, but 
there is no reason to doubt that it is a general law that the nuclei of 
nebulae are in rotation about their axes of symmetry. Two of the best- 
known nebulae in the sky, the “whirlpool” in Canes Venatici (M. 51) 
and the nebula M. 101 in Ursa Major have been found to be in rota: 
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tion by the direct method of comparing photographs taken several 
years apart. 

Do these nebula throw off matter from their peripheries? A mo- 
ments reflection will shew how difficult it must necessarily be to test 
this directly. That the motion in the spiral arms is from inside to 
outside is d priori very probable on account of their extreme symmetry. 
Those cosmogonists who see in the spiral arms streams of stars dashing 
inwards to collisions with one another can never have stopped to 
reflect how utterly improbable it is statistically that their streams of 
stars, encountering one another at random, should invariably be so 
similar in mass, density and velocity of motion as to produce always 
symmetrical formations. The most complete symmetry of the spiral 
arms is probably the best proof we can ask for that the motion is from 
inside to outside. For the two nebulae M. 51 and M. 101, whose motion 
of rotation has been discovered by direct photography, it is of course 
possible to examine the direction of motion in the arms directly. In 
each case it is found to be outwards. Slipher has just announced that 
there is evidence of similar motion in the nebula in Cetus N.G.C. 1068. 
Thus there is every justification for interpreting the spiral arms as 
matter thrown off from the rotating nuclei. 

Laplace, followed also by Roche, expected the ejected matter to form 
aring. We have found reason to think that in point of fact it forms in 
nature two spiral arms. Laplace, however, did not consider what it would 
formin nature; he dealt with the mathematical abstraction of a mass 
of gas rotating in a universe empty except for itself. The real astronom- 
ical mass of gas rotates in a universe tenanted by other masses of gas 
similar to itself. In Laplace’s abstract problem all points on the periph- 
ery of the mass necessarily fared alike—there was, indeed, nothing to 
distinguish one from another. But under actual conditions two points 
on the periphery will differ in their nearness to, or distance from, other 
neighbouring masses. The lenticular figure, when once its sharp 
periphery is formed, is already in a critical state of equilibrium; cen- 
trifugal force around this periphery is just up to the maximum amount 
which the gravitational attraction of the mass can balance: only one 
straw more is required to break the camel’s back. And this last straw 
may be provided in nature by the tidal forces, no matter how feeble 
these may be, from the rest of the universe. At two opposite points 
on the periphery these tidal forces will act so as exactly to reinforce 
centrifugal force against the attraction of the mass. At these two 
points earlier than at any others the balance will be upset; centrifugal 
force will out weigh gravity, and the break up of the mass will begin. 
Thus matter will be ejected, not in rings, but in filaments which will 
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occur in pairs originating from antipodal points on the periphery. In 
all known spiral nebulae the arms start from two antipodal points. 

In all known nebula the arms are entirely or approximately sym- 
metrical. On the foregoing view of the formation of the arms this fact 
finds a ready and natural explanation, the tidal forces from neighbour- 
ing masses being sufficiently represented mathematically by a second 
harmonic term which produces a fore-and-aft symmetry of the type we 
are familiar with in terrestrial tides. No other view of the genesis of 
the spiral arms seems to me to give a natural, or even a defensible. 
explanation of the symmetry of the two arms. 

No explanation of the arms can be regarded as fully satisfactory 
which does not explain their characteristic shape. This has been shown 
by von Pahlen to be an equiangular spiral. I have found that under 
very high viscosity the stream-lines of the ejected matter would form 
equiangular spirals, but it has to be admitted that the degree of viscos- 
ity required appears to be greater than can be accounted for in terms 
of known physical factors. However we possibly are not familiar with 
all the physical factors at work in matter of such low density as the 
nebulae. The equiangular spiral is a curve which seems to occur very 
naturally in connection with matter ejected under centrifugal force— 
for instance a system of beads running freely on the spokes of a bycycle 
wheel will describe equiangular spirals in space when the wheel is 
rotated with uniform velocity. The angle of such spirals is uniformly 
45°, so that this principle, without modification, is not sufficient to 
explain fully the spiral paths of ejected nebular matter. 

Laplace imagined that his ring would in time become unstable and 
break up into planets. Will our filaments of ejected matter become 
similarly unstable? Plainly the question is one for the mathematician 
to answer. The answer given is that the filaments will become unstable 
much in the way imagined by Laplace if they are on a sufficiently 
massive scale, but not otherwise. A filament in which the mass per 
unit length is small will simply diffuse away into space; its mass does 
not provide sufficient gravitational attraction for it to cohere together. 

Such a filament would not admit of astronomical observation at all. 
But a sufficiently substantial filament, it can be shown, will become 
unstable through nuclei forming at approximately regular intervals, and 
the remaining matter will ultimately condense round these nuclei and 
form a chain of detached masses. It is accordingly significant that 
such nuclei appear in the arms of most spiral nebulae. 

The mathematician can calculate the distance apart of the nuclei 
which will be formed in any given filament, and so can deduce the 
amount of matter which will appear in each of the final detached 
masses. The calculation is interesting; assume a reasonable value for 
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the density of the primitive nebula and it appears that the separate 
bodies will be comparable in mass, not with our planets or satell,ites 
but with the sun itself. If, following Laplace, we identify the primaeval 
nebula with our sun spread out to include the orbit of Neptune, then 
it seems highly improbable that planets of the size of Mercury and 
Venus could have been formed from condensations in such a nebula, 
and quite impossible that the asteroids and smaller satellites could 
have been so formed. Indeed, nebulae of mass as small as our sun 
could throw off matter equatorially as imagined by Laplace, but this 
matter could hardly have condensed into arms at all. It is conjectur- 
able that the “explanatory” nebula may be masses of this kind, but it is 
fairly certain that the spiral nebula, at least as regards those which 
show condensations in their arms, cannot be. Thus the processes 
imagined by Laplace operate on a more majestic scale than he con- 
ceived; the masses in question are the giant masses of the spiral 
nebulae, and the final products of disintegration are not systems of 
planets and satellites but streams of stars. 

To illustrate this we may consider the special case of the Ursa Major 
nebula M. 101. Van Maanen finds the period of rotation to be of the 
order of 85,000 years, whence it can be calculated that the density of 
the nucleus will be of the order of 410-'’. The density in the arms 
will be less, perhaps 10-"’, in which case condensations would form at 
distances of about 10° kms. apart. The actual condensations in the 
arms of this nebula, unfortunately rather indistinct, may be estimated 
perhaps as being at an average distance of 5’’ apart. If so, we have a 
measuring rod with which to explore the nebula: 5’’°=10' km. The 
distance of the nebula we at once find to be about 1500 parsecs or 
5000 light-years; the mass is of the order of 10° grammes, say equal 
to 5000 suns. This mass, then, is, under the influence of increasing 
rotation, breaking up into streams of stars. Each star is of mass com- 
parable with our sun, and the stars are generated at the rate of one 
every few hundred years. 

This illustration will have disclosed the scale of the picture which is 
opened up to us by following up the ideas of Laplace. In such nebulae 
as the Andromeda Nebula or the Ursa Major nebula M. 81 we may 
almost imagine that the whole picture is spread before us. In the 
centre of the picture, the rotating nucleus whose continual shrinkage 
has set the whole machinery into operation; at the boundary of this, 
the critical region at which centrifugal force and gravity are so evenly 
balanced that the slightest influence from outside may upset this 
balance; at two opposite points on this boundary, the regions at which 
the balance is upset, conjecturally by tidal forces from other masses: 


- From these two points, two streams of matter emerge: they are diffuse 
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and gaseous at first, but gradually we see the condensations or nuclei 
appearing, and the final creation of streams of stars is not difficult to 
imagine. We can in imagination look at the same picture some mil- 
lions of years later. The stars have condensed about their nuclei and 
formed separate masses; we have no longer a nebula but a star cluster. 
Some of the flatness of the original nebula may still remain but the 
cluster has approached towards a more globular form. The regularity 
of the motion of the streams of stars which originally formed the spiral 
arms will not have been obliterated entirely, so that the phenomenon 
of “star-streaming” may perhaps still be discernible. The individual 
stars will have shrunk to densities far greater than they had when they 
were first formed; with this shrinkage their rotation will have increased 
and in many cases binary and triple systems may have been formed. 

It must be admitted that a good deal of this is conjectural, perhaps 
visionary. But it must also be admitted that Laplace’s fundamental 
ideas, when developed mathematically to their logical conclusions, 
shew a striking capacity for interpreting many if not most of the form- 
ations observed in the sky. Perhaps it is vague clues rather than full 
explanations that have been yielded so far; the time for full explana- 
tions has not yet come, but the outlook is full of hope. The only for- 
mation which Laplace’s hypothesis now seems definitely unable to 
explain is, paradoxically enough, just that particular one which it was 
specially created to explain, namely the solar system. Laplace’s intui- 
tion and his mathematical ideas were wonderfully accurate, but he 
was led into a faulty application of them. A final verdict cannot yet 
be pronounced—any attempt to do so would be dogmatism—but it 
may be that before long the reasoned and considered verdict of astron- 
omers will be that the hypothesis is at the same time a failure and a 
splendid success—a failure as regards the immediate purpose for which 
it was designed; splendid in having achieved a success greater than 
any that its author could possibly have dreamed of. 

Cambridge, Trinity College. 
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THE PHOTOGRAPHIC TELESCOPE OF THE U.S. NAVAL 
OBSERVATORY. ON THE CONSTRUCTION OF A PAIR 
OF 10-INCH TRIPLE OBJECTIVES; THEIR USE IN 
CELESTIAL PHOTOGRAPHY; TOGETHER 
WITH A FEW REMINISCENCES. 


GEORGE HENRY PETERS. 





(Communicated by T. B. Howard, Rear Admiral, U. S. Navy, Superintendent. ) 


The intellectual progress of the human race has been greatly en- 
hanced by the art of grinding and polishing lenses. With these crystal 
shapes we perfect our eye-sight, search the depths of celestial space, or 
investigate the infinitesimal. Lenses, however, may be had of many 
types, and degrees of perfection. By employing suitable combinations 
of elements with different varieties of glass, and of proper curvatures 
of surface, the inherent defects of single lenses may be to a great 
extent eliminated. In the visual refracting telescope these lenses 
enable us to explore the celestial depths, and measure the profundities 
of the universe. When used in conjunction with the photographic 
plate, permanent records are produced which can be discussed at 
leisure. Moreover, by prolonging the exposure in such a telescope 
objects reveal themselves on the plate which can not be seen directly 
by the same sized instrument. 

The study, measurement and reduction of such astronomical nega- 
tives now occupies an important field at many large observatories. 

The writer, in the following, will describe some of his youthful and 
later experiences, which may prove of interest to the amateur astron- 
omer. These led to the construction, and employment in astronomical 
research at the U.S. Naval Observatory, of a pair of triple photographic 
objectives of 10 inches clear aperture, and about 113 inches focal length. 

In conjunction with several of my youthful associates, in my high- 
school days, I acquired an intense interest in the fascinating fields of 
astronomy. A telescope, of course, is an indispensable adjunct to such 
aspirations. One of the boys, who is now a judge, was of a mechanical 
turn of mind. An article in number 252 of the Scientific American 
Supplement gave the details of construction of an unpretentious tele- 
scope. On this basis he made an instrument for another of the “fellows”, 
who is now a professor of literature at Yale. The effect was remarkable, 
as several of the boys, including myself, at once became interested in 
telescope construction, not from the mechanical standpoint, however, 
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but in order that we might better see the wonders of the heavens. My 
first efforts were with suitable combinations of spectacle lenses. With 
such crude apparatus I could see mountains on the moon, sun spots 
and Jupiter's satellites. But what I could not see with this imperfect 
means only spurred my efforts to the construction of larger and better 
instruments. A good 2! inch achromatic objective of 44 inches focal 
length was purchased, and made into a really efficient instrument on 
the lines given in the Scientific American Supplement above mentioned. 
With this telescope I well remember the beautiful views I had of the 
transit of Venus in 1882, the great comet of that year, and many other 
celestial phenomena. The great expense of refracting telescopes of the 
larger sizes is prohibitive to most amateurs, although eventually I 
came into posession of a 4.1 inch glass of remarkably fine definition. 

After this I turned my attention principally to reflectors. The ease 
of construction of this class of instruments, and the readily procurable 
materials, for the silver-on-glass variety, make them quite attractive to 
the would be star-gazer. That splendid descriptive monograph by the 
late Dr. Henry Draper, entitled, “On the Construction of a Silvered 
Glass Telescope 151 inches in aperture, and its use in Celestial Photog- 
raphy”, was my chief guide. This had been published in the “Smith- 
sonian Contributions to Knowledge”,as part of Vol. XXXIV. The 
classical work by Professor George W. Ritchey, “On the Modern 
Reflecting Telescope, and the Making and Testing of Optical Mirrors” 
published in the same manner had not yet appeared. 

For this constructive work a circular disk of thick plate glass for the 
mirror was required. Aniron grinding tool with the proper radius of 
curvature was obtained, which was subsequently coated with pitch 
when used as a polisher. An ordinary barrel securely attached to the 
floor formed the optician’s post. The power applied in the grinding 
and polishing was manual. It was evenly distributed by walking 
around the barrel while giving the reciprocating strokes required in 
the operation. With my present experience I would have substituted 
a glass grinding and polishing tool, in the above construction, for the 
iron one. 

Some well figured parabolic surfaces up to about 6% inches in 
diameter were finally produced by me by these methods. This was 
successfully accomplished after several re-grindings to eliminate 
scratches, errors of surface, and to gain experience. 

The mountings of these instruments were designed by me. They 
were constructed principally at local machine shops, and sheet-iron 
works, under my supervision. A series of wonderful and interesting 
views of the heavens was obtained upon their completion. 

Shortly after the above experiences I purchased some good sized 
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blocks of dense flint optical glass. These I ground and polished into 
60° prisms, and made a spectroscope with which the more prominent 
features of the solar spectrum were explored. 

I was, however, especially interested in astronomical photography, 
with an intense desire eventually to do some good work by that process. 
A suitable equatorial mounting with driving clock is required for accu- 
rate work of this description, together with the proper photographic 
optical equipment. A local college observatory had the necessary 
telescope, which was kindly placed at my disposal temporarily. A 
Warner and Swasey equatorial of the latest pattern with a 7-inch 
Brashear objective was part of the equipment. An excellent wide field 
portrait lens of about 2 feet focal length was purchased by me and 
attached to this instrument. Some fine photographs of the principal 
constellations were produced with this combination. A faint comet 
was picked up in the course of these operations. This proved to have 
been discovered a short time previously. 

Shortly after this period I became a member of the U.S. Naval Ob- 
servatory staff and was detailed there principally on photographic work. 
Two solar eclipse expeditions were soon to be sent out, one to the 
southern states in 1900, and another to the Island of Sumatra in 1901. 
I became a member of each of these parties, obtaining some very suc- 
cessful photographic observations with long focus telescopes. 

My first experience at the Naval Observatory was with the Brashear 
spectroscope attached to the 26-inch equatorial, under Professor S. J. 
Brown, U.S. N. This was extremely interesting work, especially at 
that period when line of sight observations were yet in their infancy. 
The strong absorption of the blue rays by the lenses of the 26-inch 
objective is very marked on account of the inherent color of the ma- 
terials composing the glasses. This selective absorption unfortunately 
rendered this telescope unfitted for efficient spectroscopic research in 
the Hy region, consequently it was abandoned. 

The writer then assisted Professor See in his micrometer observations 
with the 26-inch telescope. The color-screen was introduced by us in 
the practical work with this instrument (See Ast. Nach. Band 152, No. 
3636, On the use of Color-screens for Improving the Definition of Re- 
fracting Telescopes). This color screen proved extremely valuable in 
many lines but especially with respect to the measurement of planetary 
diameters. The results of these observations will be found in Vol. VI, 
Second Series, Publications of the U. S. Naval Observatory. 

About this time one of the 6-inch Dallmeyer portrait lenses of 39 
inches focal length, belonging to the Observatory was mounted as a 
star. camera on the 26-inch equatorial. A number of the brighter 
asteroids were located photographically with this instrument. Several 
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new ones were also discovered. After they had thus been found, a 
series of visual micrometer observations was generally made of them, 
either with the 26 or 12-inch equatorials. The great increase in the 
number of asteroid observations at the Naval Observatory was notice- 
able from this time on. But our great equatorial was too busy and 
valuable an instrument to be employed for any considerable period as 
a guiding telescope for a 6-inch portrait lens. Consequently, an entirely 
new arrangement for the prosecution of this photographic work was 
adopted. 

When the Naval Observatory moved to its new site on Georgetown 
Heights in 1893 the old 26-inch Clark equatorial mounting was 
discarded. Its optical parts were then employed in an equatorial 
mounting of modern type, designed and constructed by Warner and 
Swasey. The old mounting with some slight alterations was admirably 
suited as the basis for a photographic telescope. Mr. W. W. Dinwiddie, 
then an assistant at the Observatory, proposed and carried out its in- 
stallation for this class of work. The end sections of the large tube 
were removed, leaving the central section of heavy plate iron intact. 

This retained central section was 9 ft. 10 in. in length, of 31 inches 
diameter, heavily flanged at either end, and rigidly attached to the 
declination axis of the equatorial. It served as an admirable support 
upon which to mount photographic instruments for astronomical work. 
The tube of the old 9.6 inch equatorial with its optical parts and mi- 
crometer was firmly mounted in the middle of the 31-inch tube, to 
serve as a guiding telescope. The other mechanical parts of the Clark 
mounting were practically unchanged. An electric motor, however, 
was installed for continuously winding up the clock weight, replacing 
the water motor formerly used. A substantial brick pier with a con- 
crete foundation was built for the equatorial, as remounted. A cheap 
wooden building, with sliding roof, was erected for the instrument in 
the southern part of the Observatory grounds, away from all neighbor- 
ing lights and traffic. 

The 6-inch Dallmeyer portrait lens previously employed on the great 
equatorial, together with a duplicate possessed by the Observatory, 
were mounted on this instrument. They were arranged as twin cam- 
eras, producing duplicate negatives of the same regions of the heavens. 
This plan guards against defects in the plate being mistaken for celes- 
tial objects. -Many photographic observations of asteroids were then 
secured by me with this outfit, but usually to obtain rough positions 
for subsequent micrometer observations on the visual instruments. The 
small apertures of these portrait lenses restricted their capacity to 
comparatively bright objects. Their limit was about the 12.5 mag- 
nitude, except with extremely long exposures. Their focal lengths 
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were too short for accurate determinations of position by plate meas- 
urements. This short focal length was also conducive to fog on the 
rapid plates employed, on account of the sky illumination from the 
lights of the neighboring city. A few of these plates, however, were 
measured and reduced. As the principal work of the Naval Observatory 
is determining accurate positions of the heavenly bodies, such mediocre 
apparatus became intolerable. 

The early experiences of the writer were then recalled He proposed 
to construct a large and suitable pair of photographic objectives at the 
Naval Observatory for this line of work. The superintendent, the late 
W. J. Barnette, Rear Admiral, U. S. N., was favorably inclined towards 
this constructive program, and soon authorized the purchase of the 
proper discs of optical glass from Jena. The initial plan was for a 
duplicate pair of 9 inch triple objectives on the order of the Cooke 
stellar lens. As I had never before made a lens, but principally reflect- 
ing surfaces, I did not care to take the responsibility for larger instru- 
ments. The diameters of the optical discs received, however, were 
sufficient for 10-inch lenses, and these were accordingly constructed. 
The curves involved in several of the surfaces were comparatively deep, 
and to “swing” the curves to secure the correct spherometer readings 
required some experience. Neither did I fully realize at that time the 
immense amount of labor involved in producing these lenses. The 
grinding and polishing operations were much facilitated by a machine 
which I designed and built, mostly by myself, at the Observatory ma- 
chine shop. The main feature of this machine was a circular cast iron 
turn table, capable of being leveled and provided with the proper cleats 
for holding the lenses, or grinders, as the case required. This table 
was mounted at the top of a 1-inch perpendicular shaft, about three 
feet in length, which revolved in collar bearings just beneath it. To the 
lower end of this shaft a hub was attached, with a central pivotal pin 
engaging in a heavy iron base. Ball bearings were employed between 
the base and the hub to reduce friction. This latter arrangement was 
an essential feature of the machine, as neither pressure nor the effects 
of the various processes employed in the grinding and polishing opera- 
tions appreciably changed its resistance. Power to rotate this table 
was furnished by a 1 6 h.p., a.c. Emerson motor. This form of current 
produced a practically uniform speed, which would hardly have been 
the case had the direct current been used. The motor drove a screw 
mounted in suitable bearings, engaging in a worm wheel attached to 
the vertical shaft. When directly connected, the motor produced about 
20 revolutions of the table per minute. This speed was employed for 
all edge grinding and roughing out and for the fine grinding of the 
optical discs, and glass grinding tools. For polishing, this speed was 
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reduced to three revolutions per minute, by a slight alteration in the 
method of power transmission. An additional motor, if available, would 
have been used for power in the reciprocating motions of grinding and 
possibly in the polishing operation. But none was available and con- 
sequently the reciprocating motions were all performed by hand. This 
manual process, while extremely arduous, did not materially retard the 
progress of construction. 

The first operation in work of this character is the making of prisms 
for determining the constants of the optical discs. Although these 
constants had been furnished by the Jena glass works, a confirmation 
of their values was considered necessary before proceeding with so 
important a piece of work. I accordingly made a set of 60° prisms 
from sample glass of the same meltings accompanying the discs, testing 
their surfaces for flatness by interference methods. Dr. P. G. Nutting, 
then at the Bureau of Standards, kindly made this redetermination 
from the prisms. His values were in accord with those furnished from 
Jena. ; 

I also made a 6-inch glass mirror of long radius, the truly spherical 
curve being tested and the focal length determined by the Foucault 
process. This mirror, in connection with a large plane mirror, was used 
for standardizing the spherometer employed during the grinding and 
polishing to measure the radii of curvature of the different lens surfaces. 

Investigations of errors, and their corrections for various lens com- 
binations, are today a province of exact science. They depend upon 
the relative constants of the glasses employed in the combination, or 
conversely, the desired results may call for certain peculiar varieties 
of glass. The fact that a series of lens elements can then be devised to 
produce exact and predetermined results is a triumph for mathematical 
and physical science. In other words, lenses can be “produced on 
paper” before the actual process of their construction is undertaken, the 
finished product conforming with great exactitude to theory. The 
names of Petzval, Von Seidel, Littrow, Coddington, and in more recent 
times Abbe, Hastings, Taylor and others, are closely associated with 
these advances. The 10-inch lenses were computed by Mr. E. D. Tillyer, 
then a member of the Naval Observatory staff, but now of the research 
laboratory of the American Optical Co. 

Taylors formulae, in his volume entitled “A System of Applied 
Optics,” were used for the computations, which involved an enormous 
mass of figures. Trigonometrical computations in accordance with 
which the paths of single rays of light were traced through the systems 
of lenses, were also used as a check, that no errors might enter and 
vitiate the final results. 

While the lens computations were being performed considerable pre- 
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liminary work was accomplished. Grinding tools of glass were made, 
the thickness of the optical discs was reduced, while approximate 
curves were formed upon their surfaces. In placing the approximate 
curves upon the optical discs, advantage was taken of the excess thick- 
ness of these discs and of the different radii of each side of a lens to 
eliminate bubbles and other slight defects. This was done by parallactic 
methods, the depths of these defects being determined by noting their 
displacements with reference to a temporary mark on the surface of 
the disc, as the position of the eye was changed. The excess glass was 
then removed in accordance with these indications. The result is that 
the lenses are remarkably free from defects of this nature. The curves 
of each similar element of these twin objectives were to be exactly 
alike. These duplicate surfaces were consequently ground, and also 
polished in pairs at frequently alternating intervals, with the same 
tool, to produce this absolute result. 

Knowing the constants of the lenses with great precision from the 
computations already performed, I designed the mounts, and these were 
constructed before the lenses were polished. Besides the lens mounts 
themselves, the plate holding attachments and connecting sheet iron 
tubes were also made at this time. Two yokes, one for either end, were 
also constructed for attaching this pair of photographic telescopes rig- 
idly to the large tube of the equatorial. This new apparatus displaced 
the pair of 6-inch instruments previously described. On account of its 
increased weight additional counterpoising was required. With the 
exception of the sheet iron tubes mentioned, all metal parts were of 
brass. The barrels of the new twin lens mounts were of drawn brass 
tubing, 11% inches in diameter, 26 inches long, and 3/16 inches in 
thickness. At each end of a tube the proper 10-inch element of crown 
glass was located in an appropriate cell. The negative lens of light 
flint glass, about 8’ inches in diameter, was situated between them. 
Its cell had a screw-actuated transverse motion for centering which 
could be operated through apertures in the barrel. These apertures 
were covered with removable screw caps when not in use for adjust- 
ment purposes. The flanges of the systems for securing the objectives 
to the front yoke were shrunk on to the brass barrels, in the same 
manner that a large piece of ordnance is jacketed. This renders the 
instrument very stable, no screws being required for this purpose. All 
lens cells and the above flanges were provided with three point systems 
of collimating screws. These adjustments are absolutely required for 
this type of lenses, with their three separated elements, which must 
be rigorously collimated and centered with respect to each other to 
secure good definition. These collimating screws also serve to make the 
slight separation adjustments necessary to eliminate observed errors of 
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field. The plate holder attachments also have three point collimating 
screws. These latter screws being extremely long, considerable range 
of focal adjustment is provided for. All these mechanical parts were 
designed by me, and constructed under my supervision at the Wash- 
ington Navy Yard. In workmanship and stability they are excellent 
and no changes of any kind were necessary after their delivery at the 
Naval Observatory. 

The completed objectives were first tested by the Foucault method 
with a plane mirror, in the usual manner. Under this crucial test one 
combination appeared to have perfect curves; the other exhibited some 
extremely faint rings of no optical moment whatever in a photographic 
objective. Eyepiece tests showed good corrections for spherical aberra- 
tion. As the lenses were corrected for the photographic rays, colored 
absorption glasses were required in these tests. The computed mini- 
mum focus was in the F region of the spectrum; the above observa- 
tions proved this to be correct. Back of the minimum focus the sec- 
ondary spectrum, to the extreme red, could be traced for about an inch. 

A few additional details of this lens construction may perhaps prove 
interesting. Six discs of optical glass were received from Jena in 
April 1909. These were of the best quality, and of unusual thickness 
to allow for the deep curves required. Four of these discs were of 
crown glass, of great transparency, each about 101 inches in diameter. 
The two flint glass discs were of ordinary density, having diameters of 
about 9 inches, which were subsequently cut down to 8! inches. They 
were practically free from color. This transparency factor in photo- 
graphic objectives is extremely important. On account of the tendency 
of flint glasses towards a yellowish tint their absorptive effect upon the 
actinic rays is much greater than for crown glass. But one flint glass 
element is required in the Cooke type of objective. Compared with 
the “doublet” type this is of decided advantage in photographic astron- 
omy, as the absorption and reflection factors of one flint lens are 
eliminated. By the use of suitable varieties of glass, of the proper 
radii and separations, the Cooke type possesses anastigmat qualities 
over a wide field. There is but a single difficulty in this type of objective, 
that of securing, simultaneously, perfect collimation, centering, and 
separations for each of the three elements. The convergent, or positive 
refractive power of this three element system, is due entirely to the 
separations of the elements. With all three elements in contact no 
residual refraction is produced, the combination acting practically as a 
parallel glass plate. Provided the proper materials and design are 
adopted, the optical errors, excepting those of figure, are also neutral- 
ized by the separations. 


Collimation of the objectives was attempted by observing the reflected 
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images of a small electric lamp at the focal plane. The intersection of 
a pair of cross-wires designated the middle of the field, coinciding with 
the center of the photographic plate holder. The back lens of the 
combination was first collimated, the other two elements being tipped 
considerably to one side, on account of the multiplicity of reflected 
images. Afterwards the front and middle elements were collimated 
with respect to the back lens. Two observers were required, as it was 
found necessary to inspect the reflected images simultaneously both 
in front of the objective and at the focal plane. The middle element was 
afterwards centered by its lateral screw adjustments. This was affected 
by observing a bright star image at night with a high power eyepiece. 
The color fringes of the red secondary spectrum were made concentric 
with the blue central image of the star. The previous collimations 
were thus disturbed, and had to be repeated for the front and middle 
lenses. Thus a series of approximations towards the desired results 
was slowly made. The process just described never gave satisfactory 
definition over the entire field of an 8x10 plate, although the objectives 
were usable. Unavoidable errors of observation of the reflected images 
contributed to the want of success. 

An entirely new method of adjustment for these objectives was 
devised after some delay. Differential coefficients were available giving 
data for correcting the observed refractive errors with respect to the 
motion on the optical axis of the middle element, and these formulae 
could be interpreted as to the entire field or any portion of it. 

In Taylor's patent specifications on the Cooke lens a description of 
the physical aspects of uncorrected errors with respect to a point image 
is given, together with the methods for their elimination. Advantage 
was taken of these specifications, to complete the final adjustments, 
employing the differential coefficients. Photographs of star fields were 
obtained with the lenses, with the plate located about an inch behind 
the focal plane. 

The field errors, as indicated by these expanded star discs, were grad- 
ually eliminated by corrective collimation and by separation of the 
elements. Only a single photograph could be secured for this purpose 
on clear nights with either objective. The negative was discussed upon 
the following day and adjustments made according to its indications. 
It was also necessary to keep the system as a whole centered, as 
previously described, while the above operations were in progress. 
Re-adjustment should never be necessary, however, as the lenses may 
be taken from their cells for cleaning without disturbing their collima- 
tion, by the removal of the holding down rings. 

Some data in regard to the constants of these objectives may prove 
interesting. These can best be presented in tabular form. 
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CONSTANTS OF GLASS EMPLOYED. 


_. 
Po aa 
Element 1 Borosilicate Crown Jena 0.3453 1.5191 60.4 
~ Ordinary Flint * 0.318 1.6129 36.9 
“ 23 Borosilicate Crown “ 0.3453 1.5191 60.4 


Rapil oF CuRVATURE, THICKNESS OF ELEMENTS, AND SEPARATIONS. 


eR t BM@inches 5, 1a ince 


Si = 13.740 inches 


Eb - - tr -42 inches t, = 0.500 inches 


S2 = 12.790 inches 


R; = + 147.80 inches a , 
Es R; = +. 28.36 “ ts = 1.000 inches 


Should the construction of a similar type objective be again under- 
taken, a less dense variety of flint glass would probably be employed. 
This would reduce the separations of the lenses, giving better field 
corrections, but of course would require new computations. 

Asteroids and other objects have been observed at the Naval Obser- 
vatory with this pair of 10-inch lenses for several years. The results 
have been published in the Astronomical Journal. 

The illustrations furnished with this article will be easily understood 
from the text. They show perhaps more graphically than words can 
convey what has been accomplished. This constructive work, however, 
was practically that of an amateur, experience being in part acquired 
as the work progressed. It was undertaken solely to obtain suitable 
apparatus for position work in astronomy by photographic methods. 
This apparatus if purchased complete would have required a special 
appropriation from Congress, not easily to be had. The actual expenses 
for material and labor besides my own services were comparatively 
small and easily arranged for out of the regular appropriation for in- 
struments and apparatus of the Naval Observatory. 

The above article was prepared just before the United States entered 
the great European war. During hostilities the writer was detailed on 
optical work for the Navy, principally in regard to the production of 
shade-glasses and mirrors for sextants by American firms. Besides 
myself a number of other members of the Naval Observatory staff had 
become interested in optics at the time of the construction of these 
photographic objectives. Several of them are now scientific experts 
in lens designing for large concerns in this country which did remark- 
ably fine work in optical preparedness during the war. 

Some of these men referred to above have stated that their inspira- 
tion in optics from the investigational side was owing to the fact that 


this pair of 10-inch photographic lenses was produced at the Naval 
Observatory. 
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DETERMINATION OF THE LONGITUDE AND LATITUDE 
OF THE U.S. NAVAL OBSERVATORY ECLIPSE 
STATION AT BAKER, OREGON. 


Total Solar Eclipse of 1918 June 8. 
CHARLES CLAYTON WYLIE. 


(Communicated by Rear Admiral T. B. Howard, U. S. N. Ret., Superintendent 
U. S. Naval Observatory). 


The following instruments were used to determine the longitude and 
latitude of the station at Baker, Oregon, chosen by the U. S. Naval 
Observatory party, for observation of the eclipse of 1918 June 8: 

Fauth Transit and Zenith Telescope 1944. 

Sextant Brandis 3257. 

Sidereal Break Circuit Chronometer Negus 1518. 
Sidereal Break Circuit Chronometer Negus 1902. 
Mean Time Break Circuit Chronometer Nardin 589. 
Mean Time Watch Hamilton U. S. N. 1758. 


A wireless receiving set was also taken along for the purpose of 
receiving the U.S. Naval Observatory time signals from Arlington. The 
attempts to hear these were, however, unsuccessful. 


PRELIMINARY DETERMINATION. 


The sextant and watch, as well as the chronometers, were carried as 
hand baggage and the former were used before the arrival of the transit 
in a preliminary determination of the position of the station. During 
this work the watch was compared daily with the time signals from 


Mare Island as received at the local Western Union office. Observa- 


tions for longitude were made by equal altitudes, using the method of 
the Magnetic Division of the U. S. Coast and Geodetic Survey. In the 
forenoon five readings were taken on one limb of the sun followed 
immediately by five on the other limb at the same settings. Obser- 
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vations were taken at the same readings in the reverse order in 
the afternoon. The watch was running on Greenwich mean time, and 
the reduction of the observations gave directly the G. M. T. of local 
mean noon, or the longitude. Four equal altitude sets were observed 
by Professor S. A. Mitchell, Director of the Leander McCormick Obser- 
vatory, and three by Mr. C. C. Wylie, of the U. S. Naval Observatory, 
giving 
Longitude = 7" 51™ 24°.3 West. 


The preliminary latitude was obtained by circummeridian double 
altitudes of the sun. Two sets were obtained by each observer giving 


Latitude = + 44° 47’ 54”. 


FinaAL DETERMINATION. 


The Fauth transit was used to determine the adopted position. This 
instrument is of three inches aperture, and thirty-five inches focal 
length. Mr.H.C.Cleve, the U.S. Naval Observatory Instrument Maker, 
fitted it with an accurate level for latitude work. The micrometer 
equivalent was determined at the eclipse station, both directly by 
observations of circumpolar stars, and indirectly by determining the 
thread intervals from the observations for time. The value of one 
division of the latitude level was determined at the station by mount- 
ing an engineer’s transit as a collimator. With the level bubble in differ- 
ent positions readings were taken on the reticule of the engineer’s transit 
with the Fauth micrometer. This gave the value of a level division in 
terms of the micrometer equivalent. The striding level was tested at 
Washington in a similar manner, as follows, both before and after the 
work at Baker: The level, in the rectangular box in which it was used 
on the Fauth instrument, was laid on the 6-inch transit circle when 
that instrument was horizontal and pointing at one of the collimators. 
With the bubble of the level in different positions, readings were taken 
on the collimator threads with the micrometer of the transit circle. 
This gave the value of a division of the striding level in terms of the 
zenith distance micrometer screw of the transit circle. 

Chronometer Negus 1518 was used as standard. It was compared 
regularly by chronograph with Negus 1902. It was compared by 
coincidence of beats with Nardin 589, as the break circuit of that 
chronometer was not in good order. 

The observations for clock correction at the time of the exchange of 
signals were made at Baker by Mr. J.C. Hammond of the U. S. Naval 
Observatory, with the Fauth transit, and at Washington by Mr. Matt 
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Frederickson, with the 6-inch transit circle. At Baker, zenith stars were 
selected in groups of five or six such that the sum of the A factors in 
a group would be less in absolute value than 0.1, thereby minimizing 
the effect of an error in the adopted azimuth. As additional precau- 
tion, an azimuth star with A factor greater than 1.8 was observed with 
each group. On three of the four nights complete groups were observed 
at Baker both before and after the exchange of signals, the instrument 
being reversed between groups, making a total of about twenty zenith 
and three or four azimuth stars. At Washington the program was to 
determine the instrumental constants and observe six zenith stars, both 
before and after the exchange of signals. On one night clouds prevented 
the observations at Baker after the exchange, and on another clouds 
prevented the observations at Washington after the exchange. All 
the observations at Washington were made with the instrument Clamp 
West. 

The Western Union Telegraph Company had kindly installed a loop 
from their main line, distant a few hundred yards, so that the daily 
time signals from Mare Island could be accurately compared by chron- 
ograph with the chronometers. On four nights a through line was 
provided from the U.S. Naval Observatory, Washington, D. C., to the 
eclipse station. The line was cleared for twenty minutes at about 20" 
Greenwhich mean time, or according to the “summer time” then in 
use, 4 A.M. Eastern time, or 1 a. mM. Pacific time. Mr. C. B. Watts, at 
Washington, and Mr.C.C. Wylie, at Baker, made the exchange of 
telegraphic signals for longitude. Before the party left Washington 
“longitude boards” were designed and constructed, one for use at Wash- 
ington, the other for use at Baker. They were so designed that the 
clock or chronometer beats were put on the main line from the second- 
ary of the sending chronograph as breaks. A key was designed for 
each board to send arbitrary break circuit signals in a similar manner. 

At the time of an exchange the beats of the standard clock at Wash- 
ington were put on the main line and recorded on the chronograph at 
Baker along with the beats of the eclipse party chronometer. Then 
similarly, the beats of the chronometer were put on the main line, and 
recorded in Washington along with those of the standard clock. Signals 
were also exchanged by arbitrary breaks. The operator at one station 
makes breaks in the main line circuit which are recorded on the chron- 
ographs at both stations; then the operator at the other station does 
the same. This is a better method of determining the longitude than 
exchange of clock beats only. The entire series of beats of an exchange 
falling at about the same hundredth of a second are little better than a 
single good signal. All are subject to the same personality in estim- 
ating the hundredth. Due to lag of line the clock beats are generally 
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not in coincidence at the two stations simultaneously, and when in 
coincidence at either, the method fails. The arbitrary signals fall in 
different parts of the second. Personality in reading the record is 
thereby eliminated and accuracy greatly increased. In spite of over 
three thousand miles of line, the records were almost perfect and a 
rapid comparison was sufficient to identify the breaks and reject all 
not common to both. 


Date Longitude from Washington Double Transmission Time 
1918 Arbitrary Signals Clock Beats Arbitrary Signals Clock Beats 
hm —s5 hm —s5 s s 

May 16 2 43 7.21 2 43 7.21 0.39 0°39 

17 7.23 7.22 0.38 0.36 

22 7.28 7.27 0.45 0.48 

23 7.22 7.23 0.38 0.39 

Mean 2 43 7.23 + 08.01 2 43 7.23 


The probable error was determined by intercomparing the results on 
the different nights among themselves. The mean obtained, giving 
half weight to the two nights on which observations were weak, is the 
same as the above result. On May 21 a storm put many of the West- 
ern Union lines out of order in the Middle West. Perhaps this necessi- 
tated a different routing of the line on May 22, as the transmission time 
is longer than on the other nights. Assuming the longitude of the 
U. S. Naval Observatory given in the American Ephemeris, we have for 
the adopted longitude west from Greenwich 


55 8™ 15°.78 + 2° 43™ 7°.23 = 7 §1™ 23°.01. 


It should be stated that the relative personal equation of the observ- 
ers was not allowed for in obtaining this result. The 6-inch transit 
circle is equipped with a self registering micrometer in Right Ascension. 
The personal equation of Mr. Frederickson is therefore almost negligible. 
Before going to Baker, observations were made at Washington with 
the Fauth transit to determine relative personal equation. Two nights 
by Mr. Hammond gave +0°.06 and +0°.12 and the mean of four nights 
by Mr. Wylie gave +0°.15 to be applied to chronometer corrections. 
The plan in preparing for the expedition was that Mr. Wylie should 
make the observations for the longitude work. His personal equation, 
relative to that of Mr. Frederickson on the 6-inch transit circle, was 
therefore more carefully determined than that of Mr. Hammond. But 
a minor accident partially incapacitating him just as the work was 
being started, Mr. Hammond made the longitude observations. 

The observations for latitude were made by Mr. C. C. Wylie on four 
nights, using the Fauth transit as a zenith telescope. Twenty-four 
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different pairs of stars, selected from the General Catalogue of Boss, 
were observed, some on more than one night. 


Date Latitude No. Pairs 
1918 May 27 444 47 25.94 5 
28 25.42 8 
29 26.00 11 
31 25.79 8 


Unweighted mean + 44 47 25.79 


The adopted latitude was obtained by taking the weighted mean of 
the results from the different pairs of stars. The result of one good 
observation of a pair was weighted two; two good observations, three; 
and three good observations, four. This gave for the latitude + 44° 
47’ 25°83 +0’’.14. 

The adopted position of the eclipse station at Baker, determined with 
the Fauth transit and zenith telescope, is therefore 


Longitude 7" 51™ 23°.01 West 


Latitude -+44° 47’ 25’.83 +0’'.14. 


ComMPARISON AND GENERAL REMARKS. 


As the sextant and adopted results do not agree as well as might be 
anticipated, let us examine some of the sextant work in detail. The 
equal altitude sets for longitude by Mr. Wylie, and the mean of the 
same, and the mean of Professor Mitchell's sets are 


Date Observer Longitude Sextant-Adopted value 
h m s s 
1918 May 1 Wylie 7 51 23.85 +0.84 
3 Wylie 24.18 +1.17 
3. Wylie 23.72 +0.71 
Mean (3 sets) Wylie 23.92 +0.91 
Mean (4 sets) Mitchell 24.66 +-1.65 


This shows a large systematic deviation. Instrumental errors theor- 
etically have little effect with this method. The rate of the watch was 
highly satisfactory throughout the stay in Baker and later tests indi- 
cated it could be compared with the Mare Island time signals as trans- 
mitted by the Western Union Telegraph Company with a probable 
error under a tenth of a second. Also, the eccentricity of the second 
hand dial was found to be negligible. Possible sources of systematic 
error are the signal itself and the method of its transmission. Through- 
out the periods when observations for time were obtained on the Fauth 
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transit the correction and rate to the standard sidereal chronometer 
were obtained from the observations. The daily time signals were 
compared by chronograph with this chronometer and, assuming the 
adopted longitude, corrections to the time signals as received were 
computed. They varied from — 0°.48 on May 22 to +0°.63 on June 7. 
The correction usually changed slowly from day to day, corrections on 
successive days being about the same. As the sextant longitude sets 
were taken May 1 to May 3 inclusive, it is possible the signal had a 
large systematic error on those three days. The difference between the 
two observers, Mitchell—_Wylie = + 0°.74, suggests that with the low 
magnifying power of the sextant there is a large personal equation. 
The sextant results for latitude also show a systematic deviation. 
This was noted when a preliminary reduction of the latitude work with 
the Fauth instrument was made. The sextant was readjusted and a 
set of circummeridian double altitudes observed on 1918 June 10. Let 
us examine in detail this set, which agrees substantially with the earlier 
work. Readings for index correction made before and after observing 
gave a probable error +2”.5. Ten circummeridian double altitudes, 
five on each limb of the sun, gave the following results for latitude: 


Lower Limb Upper Limb 
° ’ ” ° ’ ” 
44 47 59 44 47 31 
47 39 47 40 
48 14 47 29 
48 5 47 33 
47 50 47 24 


Mean (10 readings) +-44° 47’ 45” + 37.6 


Combining this probable error of the double altitude measures with 
that of the index correction we obtain +4’.4. But the mean latitude 
is 19”’ from the adopted latitude. 

All sets for latitude taken with the sextant are: 


Date Observer Latitude Weight Remarks 

1918 May 1 Mitchell 44 47 56 2 Good 
May 4 Mitchell 48 7 1 Clouds interfered 
May 4 Wylie 47 55 1 Clouds interfered 
June 10 Wylie 47 45 2 Good 
Weighted Mean 44 47 54+ 2”.9 


This mean differs 28”, or nearly ten times the probable error, from the 
adopted latitude. The agreement of the sets taken by the two observers 
might point to an error in the sextant. A correction for eccentricity 
of about 12”, furnished with the sextant, was applied. 
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The local weather bureau was perhaps a mile from the eclipse station 
and at about the same elevation. It was in charge of Mr. Maxwell, who 
kindly furnished special readings of the thermometer and barometer 
for the computation of the refraction for the sextant latitude work. 
Comstock’s formula (Campbell's Practical Astronomy, page 35), 

983 b 
r= 46040 tan 2, 
in which + is the pressure in inches, ¢ the temperature of the atmos- 
phere in degrees F., and z the apparent zenith distance, was used. The 
formula was tested by computing the refraction for two of the extreme 
altitudes by the Pulkova tables. The results differed by less than 
0’’.1. The quantities for one of the altitudes tested were 
Z = 20° 33’0, ¢ = 70°, b = 26.4 inches. 


It is of interest that the formula holds well for a low barometer. 

The eclipse station was located in the fair grounds, about one mile 
northwest of the central portion of Baker. The concrete pier of the 
Fauth instrument is the point for which the longitude and latitude 
were accurately determined. The owners of the grounds seemed pleased 
to preserve this to mark the site of the eclipse station. In the top of 
the pier is embedded a brass tablet engraved 


“U.S. NAVAL OBSERVATORY 
ECLIPSE EXPEDITION 
JUNE 8, 1918.” 
U. S. Naval Observatory, 
Washington, D. C., 
1919 January 22. 





THE FLASH SPECTRUM OF JUNE 8, 1918. 





H.C. WILSON. 





[Continued from page 305.] 

After the May number of PopuLtar Astronomy was issued, my atten- 
tion was called by Professor S. A. Mitchell to. his results from the 
Eclipse of August 30, 1905, published in the Astrophysical Journal 
Vol. XXXVIII p. 407. These results are far superior to those obtained 
from the 1901 eclipse and I have revised all my comparisons, using 
Mitchell’s 1905 wave-lengths and intensities. Mitchell was able to 
measure many more lines than I, but I am able to include in Table I 
only those which are coincident with or close to those which I mees- 
ured. The agreement of wave-lengths is extremely satisfactory. 
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TABLE I.—Continued 





Exposure I Exposure II 
Chromosphere Flash 

Intens- Wave-  Intens- Wave- 

ity Length ity Length 

{1 4248.45 

11 4248.87 

{1 4249.72 

{2 4250.32 

1 4250.90 3 4250.99 

0 4251.79 

0 4252.25 

1 4252.78 

2 4254.54 c6 4254.49 

{{ 4255.89 

1 4256.42 

lo 4256.86 

4t 4258.37 

Or 4259.54 

1 4260.66 c5 4260.58 

0 4261.62 

1 4262.22 

0 4264.45 

0 4266.14 

2 4266.99 

lo 4267.93 

1 4271.64 Ps 4271.32 

1 4272.12 4 4272.02 

2 4273.54 

3 4274.99 c5 4274.95 

1 4275.83 

0 4277.41 

1 4278.46 





* Narrow line between. 


Mitchell 
1905 

Intens- Wave- 
ity Length 
(2 4248.42 
(SV 4248.84 
1 4249.68 
4 4250.32 
5 4251.01 
2 4251.85 
3 4252.62 
15 4254.52 
1 4256.05 
1 4256.60 
4N 4258.37 
1N 4259.23 
8 4260.67 
1 4261.58 
2 4261.98 
1d 4264.48 
1 4266.10 
1N 4266.98 
3d 4267.92 
4 4271.32 
10 =. 4271.93 
3 4273.52 
20 4274.93 
2 4275.70 
t 4277.15 
1 .60 
2 4278.36 


Rowland 
Lines in Sun 
Intens- Wave- 
ity Length 
f2 4248.384 
\1 575 
2N 4248.882 
2N 4249.102 
f1N 4249.648 
\2N .797 
8 4250.287 
{8 4250.945 
\1 4251.071 
0 4252.468 
ON .785 
liv 917 
8 4254.505 
fi1N 4255.791 
\2N 993 
1 4256.366 
{0 4256.760 
10 .966 
(1N 4258.219 
19 ATT 
(2 .774 
1 Nd? 4259.460 
10 4260.640 
j0 4261.496 
\2 .679 
3 4264.370 
2 4266.081 
{0 4266.894 
\3 4267.122 
2N 543 
ji .900 
\3 .985 
6 4271.325 
15 4271.934 
{3N 4273.482 
\2N .643 
7d? 4274.958 
0 4275.713 
0 .814 
lo ‘866 
{1 4277.147 
-1N .384 
|2d 692 
3 4278.390 


Substance 


Fe 


Fe 
Fe 


Co 


Cr 


Fe 


Fe 
Fe 


Fe 
Cr-Mn 
-Cr 
Crooked 
Fe 
Mn 


Cr 
Fe 


Fe 


Fe 
Fe 


Fe 
Zr 


Cr 


Fe-Ti 
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TABLE I—Continued. 
Exposure I Exposure II Mitchell Rowland Substance 


Chromosphere Flash 1901 


Intens- Wave-  Intens- Wave-_ Intens- Wave- 
ity Length ity Length ity Length 


2d 4279.78 (2 4279.81 
j1 4280.14 
12d 4280.50 1 ‘57 
| 1 ‘88 
2d 4281.24 2 4281.23 
(1 4282.20 2 4282.10 
0 4282.58 c/3 4282.65 5 4282.60 
\2 4283.06 3 4283.11 
( 4284.38 2N 4284.30 
1 4284.75 1 96 
1 4285.70 2 4285.59 
2 4286.04 
1 4286.60 1 4286.58 
1 4288.00 *c3 4288.11 4 4288.11 
40 4289.13 1 4288.85 
2 4289.25 
4 4290.06 8 4290.06 15 4289.78 
15 4290.33 
{1 429136 3d 4291.30 
1 4292.31 3d 4292.25 
0 4293.02 3d 4243.19 
0 4293.60 
2 4294.25 c6 4294.26 15 4294.23 
0 4296.13 3d 4296.07 
0 4296.69 c3 4296.76 5 4296.83 
0 4297.45 | 1 . 4297.23 
0 4298.09 1 ‘90 
t, 4298.33 
0 4299.06 c(i 4298.90 2 4298.88 
J 
3 4299.18 
{1 4299.53 3 4299.43 


Perhaps faint line at blue edge. 
At edge of next line. 

Several other lines here. 

Very narrow but sharp. 

Very narrow. 


Sib 


Lines in Sun 


Intens- Wave- 
ity Length 


j2 4279.643 
\2Nad? 874 
1 4280.556 
1 -938 
2 4281.257 
2N 4282.127 
5 565 
4 4283.169 
2 Nad? 4284.382 
1 .838 
j3 4285.605 
Ul .692 
2 4286.168 
3N 4286.627 
4288.038 

-l41 

310 
4289.115 

.237 
4289.885 
4290.377 
4291.114 

.276 

.630 
4292.290 

450 
4293.192 

.273 


a 


on nnnnw hu nr KK © 


4294.204 
301 
4295.914 
4296.044 
N .235 
4296.735 
840 
4297.369 
448 

909 
4298.136 
195 
355 
4298.828 
967 
4299.149 
410 

.803 


eM RK NmNM Kw Oenm uw 


ho > OO tO 


Ti 
Ti 
Ti 
Cr 
Ti 
Ti 
Fe 


Ti 
Fe 
S. Ti 
La 


Fe 
Zr? 


Cr, V 
Fe 
Ti 
Ca 


Ti, Fe 
Ti 
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* Very narrow. 


TABLE I—Continued. 


Exposure I Exposure II 
Chromosphere Flash 
Intens- Wave-  Intens- Wave- 
ity Length ity Length 
3 4300.21 c6 4300.21 
0 4301.52 
(| 4302.06 c (3 4302.11 
1 4302.51 1 4302.68 
(° 4303.09 { 
0 4303.65 c\3 4303.37 
{2 4305.55 
|2 4305.97 
1d 4306.97 
4 4308.06 c6d 4308.03 
0 4308.99 
(1 4309.64 4 4309.53 
] c 
} 
0 4310.07 (3 4309.85 
*0 4310.65 
*0 4311.27 
0 4311.82 
0 4312.54 
[3 4312.67 
2 4313.05 c4 4313.11 
3 4314.26 c4 4314.30 
2d 4315.14 c5d 4315.16 
{0 4316.89 
|0 4317.38 
1 4317.80 
3 4318.90 
3 4320.93 c6 4320.89 
0 4322.67 
1 4323.36 
0 4323.98 
{1 4324.78 
{1 4325.31 c(4 4325.30 
(4 4325.86 \5 4326.02 


Mitchell 
1905 
Intens- Wave- 
ity Length 

15 4300.31 

2 4301.24 
‘5 5302.10 
r 4302.75 

3 4303.41 

3 4305.62 
4 4305.98 
2 4306.89 
15 4308.01 
6 4309.05 

4 4309.78 

0 4310.55 

0 4310.92 
J 
}1 4311.72 
{ 

0 4312.24 
10 4312.98 
10 4314.24 
12 4315.13 

2 4316.80 
1 4317.36 
4 4318.91 
15 4320.93 
1 4322.58 
2d 4323.36 
Od 4323.89 
6 4325.18 
12 4325.95 





Rowland 
Lines in Sun 
Intens- Wave- 
ity Length 
(? 4300.211 
0 371 
4 4301.262 
ON 658 
2 4302.085 
4 .692 
1N 4303.072 
2 .337 
1N 584 
3 4305.614 
(2 4305.871 
4 4306.006 
\4 .078 
2 4306.858 
2 4307.017 
3 4307.907 
6 4308.081 
{ 2Nad? 4308.759 
)! 4309.063 
{2 198 
3 4309.541 
1 621 
1 .792 
1 4309.876 
{2 4310.543 
\ 3 .631 
(2N 862 
2 4311.328 
2 880 
(2 4312.241 
(2 462 
1N 4312.723 
3 4313.034 
3 4314.248 
3 4315.138 
4 .262 
1 4316.962 
0 4317.226 
ON 484 
ON 4317.883 
4 4318.817 
3 4320.907 
0 4322.670 
2Nad? 4323.386 
3 4324.007 
(4 4325.152 
1 306 
\1 516 
8 4325.939 


Substance 


Ti 
Mn 


Ti 
Ca 
La 


Fe, Sr, Ti,Cr 


Ti 


Ca 

Fe 
Narrow 

Fe 

Fe 


Fe 


(G) 


Mn 
Ti 
Se 


Fe 
Ti? 


Zr 


Ca, 
Se 


Mn? 


Cr 


Se 
Ti, Cr 
Ni, Zr 
Fe 
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TABLE I—Continued. 








Exposure I Exposure II Mitchell Rowland Substance 
Chromosphere Flash 1905 Lines in Sun 
Intens- Wave-  Intens- Wave- Intens- Wave- Intens- Wave- 
ity Length ity Length ity Length ity Length 
0 4326.86 2 4326.923 Fe 
1 4327.41 1 4327.20 3 4327.274 Fe 
1 4328.18 1 4327.97 2 4328.080 Fe 
1 4329.26 1N 4329.10 
0 4330.07 2 4030.23 ON 4330.189 V 
(2 4330.44 1  4330.405 
° {3 4330.92 3 4330.82 2 4330.866 Ti, Ni 
1 4331.77 1 4331.82 2 4331.811 Ni 
1 4333.04 1 4332.96 fo 4332.988 V 1 
\0 4333.082 
fl 4333.79 5 4333.88 1 4333.925 La 
\2 4334.15 { 
(0 4334.833 
1 4334.96 ,0 .965 | 


(0  4335.102 La 
0 4335.43 1 Nd? 4335.434 


{ 
| 
0 4336.55 1 4336.12 
Ji 4337.24 2 4337.28 5  4337.216 Fe 
3 725 Cr 
2 4338.10 c4 4338.03 15 4338.04 4  4338.084 Fe 
20 4340.50 c40 4340.63 80 4341.17 20N 4340.634 H (Hy) 
f2  4344.451 Ti 
1 4344.66 c3 4344.55 5 4344.55 \4 670 Cr 
it 4348.11 2 4348.06 (2 4348003 Fe 
\1N .130 | 
(1 4351.19 2 4351.30 3  4351.216 Cr 
2 711 Fe 
3 4352.00 cl4 4351.94 12 4352.02 (5  4351.930 Cr 
\5Nd?4352.083 Mg 
2 4352.96 5d 4252.97 {4  4352.908 Fe 


\0 4353.044 V 
ON 4354.34 (0.Nd?4354.426 Fe 
2 4354.81 3 4354.90 \1 .776 








0 4355.24 (2 4355.257 Ca? 
{0 4355.867 
0 4355.97 2 4356.17 /0  4356.058 
10 163 Ni 
{1 4358.37 2N 4358.29 (0 4358.328 Fe 
} 19 670 Fe 
\3 4358.95 4 4358.90 [0 879 Y-Zr 
(2 4359.65 (0 4359.654 Ni 
| } 5 4359.81 13 784 Cr 
|2 4359.97 {0 907 Zr 
(0 4364.23 2 4364.35 1  4364.198 
, 1 349 
k {1 4364.86 2 436482 00  4364.827 Ce | 
' (5  4367.749 Fe 
i {3d 4367.84 4 4267.89  j2 839 Fe 
t } 0 4368.11 )2 4368.071 Fe 
R [1 4368.47 0 4368.65 [0 462 Ni 
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TABLE I—Continued. 


' 

kK 
t 
3 





Exposure I Exposure II Mitchell Rowland Substance 
Chromosphere Flash 1905 Lines in Sun 
Intens- Wave-  Intens- Wave- Intens- Wave- Intens- Wave- 4 
ity Length ity Length ity Length ity Length 
1 4369.55 fl 4369.568 . 
3d? 4369.78 4 88 \4 .941 Fe q 
Or 4370.83 7 
{1 4371.144 Zr J 
$ 4371.17 # .221 4 
3 4371.31 1 4371.44 {2 .441 Cr 
0 4372.41 Od? 4372.498 
0 4372.83 0 .899 
0 4373.82 1N 4373.73 2 4373.727 Fe : 
c6 4374.86 10 4374.65 {3 4374.628 Sc, Fe? j 
3 4375.06 15 4375.16 \2 4375.103 V,Mn 
1 4376.15 c3 4376.07 6 4376.16 6 4376.107 Fe 
(1 4378.49 2 4378.42 2.Nad? 4378.419 
4 3 4379.41 4 4379.396 V 
\d? 4380.11 2 4379.92 {0  4379.922 Zr 
\2Nd?4380.325 Co 
1 4381.12 0 4381.35 0 4381.274 Cr 
1 4382.13 2 4382.32 
0 4382.72 0 4383.15 
6 4383.83 c6 4383.63 15 4383.70 15 4383.720 Fe 
(2 4384.89 2 4384.85 (3 4384.873 V Narrow 
: 0 4385.30 2 4385.144 Cr 
1 4385.54 c\4 4385.58 5 4385.60 1 .406 La 
\5 548 Fe 
2 4387.01 3 4386.97 1 4387.007 Ti? 
2 4388.04 {2 4388.057 Fe, Co 
2 4388.15 1 4388.16 \--. (4388.10) He 
2 4388.55 (3 571 Fe 
0 4390.19 2 4390.11 2 4390.149 V 
(2 4391.02 3d 4391.12 42 4391.123 Fe 
) \1 192 Ti 
| 1 4391.56 Very narrow 
{0 4391.824 Co 
2 4392.02 3 4391.83 \1 .924 Cr Narrow 
{0 4392.034 Co 
1 4394.21 3 4394.17 2 4394.225 Ti? 
6 4395.27 c7 4395.21 25 4395.29 {3 4395.201 Ti 
\2 413 V, Zr 
1 4396.13 2 4396.05 1 4396.008 Ti 
*0 4398.23 c2 4398.24 8 4398.32 fl 4398.178 
\0 .460 
f2 4400.05 cj4 4399.88 12 4399.95 3 4399.935 Ti, Cr 
\1 4400.62 c\4 4400.57 12 4400.68 {3 4400.555 Sc 
\1 .738 V 
(2 4401.456 Fe 
2d 4401.69 6 4401.73 4 613 Fe 
\2 709 Ni 
* At edge of next. 
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TARLE I—Continued. 
f Exposure I Exposure II "Mitchell Rowland Substance 
a Chromosphere Flash 1905 Lines in Sun 
‘ Intens- Wave-  Intens- Wave-  Intens- Wave- Intens- Wave- 
ity Length ity Length ity Length ity Length 
{1 4403.06 0 4402.95 
\1 4403.59 3d 4403.52 0 4403.532 Cr, Zr 
’ 3 4404.96 c6 4404.90 15 440495 10 4404927 Fe 
: 0 4406.01 0 4405.92 0.Nd? 4405.896 Ti 
: 0 4406.91 2 4406.84 2 4406.810 V- | 
1 f2 4407.810 V | 
2 4407.92 2 4407.83 \4 871 Fe f 
4d 4408.48 2 4408.364 V 
: "'3 4408.71 1 82 3 582 Fe 
2 683 V 
(2 4409.75 2 4409.54 1  4409.683 
(0 4410.46 0 4410.29 O00N 4410.463 Cr 
} 2 69 2 683 Ni 
| 1d? 4411.15 4 4411.24 1 4411.240 Cr | 
0 4412.00 f1 4412.092 
1d? 4412.35 2 3 \0 415 Cr 
fl 4415.30 c{4 4115.25 10 4415.26 8  4415.293 Fe | 
12 4415.73 4 4415.70 10 69 3 .722 Se 
4 4416.94 8 4417.00 2 4416.985 | 
1 4417.23 1 4417.38 0 4417.450 Ti 
2 4418.01 c5 4417.90 15 4417.87 3  4417.884 Ti 
1 4419.84 0 4419.82 
+1 4420.85 9 4420.68 
0 4421.67 0 4421.41 0  4421.733 V 
f2 4422.17 2 4422.07 1 4422.104 
(3 4422.76 3 17 3 741 Fe, Y 
1 4424.48 3 4424.51 0  4424.457 Cr 
2 4425.68 5 4425.48 4 4425.608 Ca 
2 4427.56 c4 4427.44 10 4427.43 5  4427.482 Fe 
(4 4430.20 4 4430.15 O00N 4430.070 La 
} 00N .220 La 
(2 4430.71 2 4430.70 3 4430.785 Fe 
7 4435.14 (5 4435.129 Ca 
2 4435.23 c8d 4435.33 6 68 /2 321 Fe 
\4 ‘851 Ca 
3 4441.90 (3 4441.881 V 
0 4442.13 ld 4442.15 3 4442.49 {6  4442.510 Fe Hazy 
(0 4443.161 Zr 
3 4443.19 }3 365 Fe 
d 5 444404 c10 4443.89 20 4444.01 \5 976 Ti 
4 76 (2 4444.728 Fe, Ti 
0 4445.78 0 4445.83  00Nd?4445.844 
{1 4446.69 3 4446.39 (2 4447.008 Fe 
‘ 2 4447.17 2 302 Mn, Fe 
(2d? 4447.69 4 89 = «I6 892 Fe 
0 4449.17 4 4449.34 2 4449.313 Ti 
td 4449.93 2 4449.85 
* Three components, all double width. 











+ Narrow and sharp. 
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Exposure I 
Chromosphere 


Intens- Wave- 
ity Length 


2 ° 4450.68 


1 4355.02 


2 4461.80 


1 4464.71 


0 4466.97 
5 4468.76 


12 4471.68 


1d 4482.53 





TABLE I—Continued. 


Exposure II 


Flash 

Intens- Wave- 
ity Length 
c4 4450.73 
2 4451.74 

0 4453.63 
*1 4454.46 
c5 4454.96 
2- 4456.11 

1 4457.56 

1 4458.33 

0 4458.51 

2 4459.35 

2 4460.45 


c 4d? 4461.74 


0 4462.61 

0 4463.18 
Od? 4463.77 
c 4d? 4464.73 
3 4466.82 
c8 4468.60 
1 4469.53 
c10 =©4471.58 
2 4473.05 
Or 4474.08 

+ Or 4475.10 
£0 4475.74 
2 4476.26 
12? 4480.23 

2 4481.44 

3 4482.37 

1 4482.98 


* At edge of next. 
+ Narrow and ragged 
t At edge of next. 


Mitchell 
1905 
Intens- Wave- 
ity Length 
8 4450.53 
2 93 
3 4451.71 
1 4553.46 
1 88 
2 4454.57 
6 4454.93 
3d 4456.02 
3d 4457.68 
0 4458.24 
0 4458.76 
3 4459.27 
0 52 
4 4460.53 
2 4461.28 
4 75 
2 4462.14 
1 4462.68 
2 4463.18 
2 4463.67- 
6d 4464.72 
4 4466.75 
20 4468.71 
2 4469.53 
40 4471.71 
4 4473.04 
0 4474.21 
1 4474.90 
0 4475.71 
5 4476.20 
1 4480.24 
3d? 4481.39 
5 4482.39 
2 4482.87 


Rowland 
Lines in Sun 
Intens- Wave- 
ity Length 
{1 4450.482 
42 .654 
\1 451.087 
3 4451.752 
f2 4453.486 
\l .876 
3 4454.552 
5 4454.953 
f2 4455.980 
\3 4456.064 
f2 4457.600 
\2 .712 
f2 4458.239 
\2 409 
0 4458.690 
{1 4459.199 
s 301 
11 525 
1 4460.462 
(1  4461.365 
14 818 
|3.Nd? 4462.165 
1 4462.621 
00 4463.152 
2 4463.569 
(2 4464.617 
- .844 
1 938 
5 4466.727 
5 4468.663 
4 4469.545 
— (4471.646) 
(0 4472 .967 
\0 4473.095 
0 4475.026 
f4 4476.185 
\3 233 
1 4479.765 
,0 4480.133 
\1 .308 
1 4481.438 
(5 4482.338 
13 433 
1 4482.904 


Substance 


Zr, Fe 
Ti 

Ti 

Mn 

Ti 

Ti 

Fe 

Ca, Zr 
Mn 

Ca 

Ti, V, & 
Mn 

Fe? 

Mn 

Cr 

Ni 

Fe Narrow 
Fe, Cr 
Mn 

Fe, Zr, Ni 
Fe 

Fe, Mn 
Ni 


Ti-Ni 
Ti? 
Mn 


Fe 
Ti? 
Fe 
He 


Mn 
Ni? 
Ti 
Fe 
Ag 
Fe 


Ragged 
Fe 


Ti 
-,Fe 
Fe 
Ti-Fe 
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[To be Continued.| 


*Very narrow. 
+ At edge of next. 
t At edge of next. 


i TABLE I—Continued. 
Exposure I Exposure II Mitchell Rowland Substance 
Chromosphere Flash 1905 Lines in Sun 
; Intens- Wave-  Intens- Wave- Intens- Wave- Intens- Wave- 
ee ity Length ity Length ity Length ity Length 
1 4483.99 {0 4483.942 Ragged 
b \0  4484.078 Co 
r fl 4484.44 2N 4484.29 4 4484392 Fe 
i *\0r 4484.81 
i (0 4485.42 
t? 3 4485.82 3  4485.846 Fe 
0 4486.12 0  4486.140 
1 4487.11 3 4487.09 0  4487.076 
0 4488.10 0 4488.05 {0 4487.916 
\0  4488.218 Fe-Cr 
0 4488.43 3 4488.40 {1 4488.305 ) 
\1 493 
1 4489.69 3 4489.37 6 4489.37 2 4489.351 Fe 
2d 4490.06 1 4489.89 {4  4489.911 Fe | 
2 4490.26 \3N 4490.253 Mn-Fe 
2d 4491.51 4w 4491.53 6 449163 {2  4491.570 Fe 
10 823 Cr-Mn 
fl 4493.85 2 4493.67 1  4493.675 
\3d? 4494.74 3 4494.71 6 4494.738 Fe }; 
1 4495.90 } 
+0 4496.78 ° i} 
1d 4497.01 3 4497.05 3 4497.11 {3 4497.023 Cr 
\0 138 Zr 
(0 4499.02 1 4499.066 Mn | 
0 4499.31 \0 62 1 310 
£0 4500.43 1 4500.43 0  4500.451 Cr iy 
5 4501.52 c8 4501.36 20 4501.45 (0 4501.264 Cr,Mn 
\5 448 Ti,- 
0 4502.55 0 4502.45 2 4502.388 Mn 
0 4503.44 
0 4504.50 
0 4505.11 0 4505.00 1 4505.003 Fe 
0 4506.93 1d 4506.92 
2 4508.48 c5 4508.49 8 4508.49 4  4508.455 Fe?,- 
{ON 4509.456 
0 4509.71 0 4509.46 (0 616 
if 904 Mn 
0 4511.99 1 4511.91 1 4512.063 Cr 
0 4513.01 2 451290 (3 4512.906 Ti I 
; \0 4513.164 Ni 
0 4513.96 0 4514.09 
fl  4514.594 } 
0 4514.76 2d 451456 \0 662 Cr 
2 4515.54 e5 4515.55 6 4515.48 3  4515.508 Fe | 
*1 4517.83 1 4517.72 3 4517.702 Fe : 
i 
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A NEW VARIABLE STAR WITH VERY LONG PERIOD. 
1900.0 «a 17" 347 165, 5— 11° 53’.8. 


kK. E. BARNARD. 


I have found on my photographs with the Bruce telescope a remark- 
able variable star which must have a period covering a very great 
length of time. Professor S. I. Bailey of the Harvard College Observa- 
tory informs me that it is a new variable. _ He has kindly supplied me 
with the Harvard photographic records of its history, which have been 
examined by Miss Leavitt. With my own records they cover a period 
of some 28 years. According to these records the star made its appear- 
ance between June 29, 1908 and July 9, 1909. On the first date (Y.O.) 
it was not visible and must have been of less than the 15! or 16 mag- 
nitude. On the second date (H. C.0O.) it was of 13.9 magnitude on the 
Harvard scale of magnitudes. No photograph shows it previous to 
July 9, 1909. According to the H. C. O. records the star seems to have 
slowly increased in light until perhaps the present time. The two 
Wolf-Palisa charts 


No. 131, 1904 June 13, Exposure 3" 0™ 
No. 148, 1905 June 28, Exposure 2 44 


cover its position but they do not show it. It is shown on my own 
plates with little change since May 1, 1911, while numerous other of 
these plates from June 29, 1908 back to July 19, 1895 do not show it. 
The photograph of June 29, 1908 (which does not show the star) was 
given an exposure of 4" 0" and the position is near the center of the 
plate. The following of my photographs show it: 


Date Exposure Remarks 
hm 
1911 May 1 3 2 
1911 June 21 113 Near edge of plate 
1915 Apr. 17 0 45 Near edge of plate 
1915 July 2 1 26 Near edge of plate 
1915 July 4 2 8 Near edge of plate 
1915 July 5 2 46 
1918 July 5 1 28 
1919 Feb. 9 0 53 
1919 Mar. 2 1 37 
1919 Mar. 27 0 30 
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while the following plates do not show it. 


Date Exposure Remarks 
h m 
1895 July 19 3 0 
1895 July 23 310 Near edge of plate 
1899 June 7 1 34 
1904 July 2 short 
1904 July 12 2 54 
1904 July 31 1 30 
1904 Aug. 2 1 27 
1905 Mar 6 3 20 With small lens. Near edge of plate 
1905 June 20 1 31 Near edge of plate 
1908 June 29 4 0 Nearly central 


Following is a list of Harvard photographs since May 20, 1908 with 


the notes, made by Miss Leavitt. . 

Date Mag. Date Mag. 
1908 May 20 <14.5 Notseen 1911 May 27 11.1 | 
1909 July 9 13.9 1911 Junei6 11.2 | 
1909 July 19 <11.0 Notseen 1912 July 9 11.0 | 
1909 Aug.10 <11.0 Notseen 1913 May 10 108 ] 
1909 Aug.12 <11.0 Notseen 1914 June 22 10.6 
1909 Aug. 16 <11.0 Notseen 1915 Apr. 22 10.5 
1910 Mar. 21 10.8 Faint image 1915 July 4 106 
1910 Apr. 12 11.2 1915 July 9 10.5 
1910 Apr. 15 11.1 1916 May 29 10.5 
1910 May 16 11.2 1917 Aug. 10 10.5 
1910 May 19 11.0 1918 June13 10.5 { 
1910 June 4 11.0 1918 Aug. 30 10.5 


1910 June 29 11.1 


It is not shown on any Harvard plates previous to 1909 as far back 
as 1891. 

I have observed the star visually with the large telescope. Unlike 
the long period variables it is neither red nor yellow, but seems to be 
nearly white. The following light comparisons with BD — 11°4433 
(8.9) were made with the large telescope and its 4-inch finder. 


1919 Mar. 11 0.3 < BD — 11°4433 With 40-inch. * 
“ 3 @é-« si With finder. 
Apr.17 0.2 < “i With 40-inch. Bright moonlight. 


These would make its magnitude about 9.3 on the BD scale. It was 
examined with a small ocular spectroscope over the eyepiece on 
March 11. This showed that the spectrum did not consist of bright 
lines. 

The variable was measured with respect to Cambridge (U.S.) A.G.C. 
6038 and the following position obtained: 


1919.0 a 17" 35™ 20°03, 6 — 11° 54’ 317.5 


* The field is too small to show both stars at the same time. 
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Close preceding it is a 14’ magnitude star (a) which, when the 
variable is invisible, can readily be mistaken for it especially on small- 
scale photographs. 

Variable and (a), prec. 


1919.308 P. A. 274°.4 Dist, 31.8 3n 
There is a 10 or 11 magnitude star following. 


Variable and (+), fol. 
1919.261 P. A, 74°.5 Dist. 167’.9 2n 


The mean of estimations on March 11 and April 17 made the variable 
about 1.3 magnitude brighter than star (d). 

The star has already remained some ten years at maximum; it is 
not visible on any photographs from 1891 to 1909. It is therefore not 
possible that it could have been at maximum in the interval. From 
these facts it is safe to infer that its period—if it has one—is perhaps 
upwards of half a century, while its light-range must be over six 
magnitudes. 

The accompanying photographs show the region of the variable 
before the present appearance of the star and when at perhaps its full 
brightness. The small star (a) is shown very close to the variable— 
almost touching it to the right. 

I wish to express my great indebtedness to Professor Bailey and to 
Miss Leavitt for placing at my disposal the valuable records of the 
Harvard College Observatory photographs of this star. It again brings 
to one’s attention the wonderful value of the Harvard photographs of 
the sky. 

For two notes on the variable see Astronomical Journal Nos. 749 
and 750. 

Yerkes Observatory, 
Williams Bay, Wisconsin. 
April 22, 1919. 


AppitionaL Note. Adams has secured two spectrograms of this object 
with the 60-inch at Mount Wilson. He finds “that the star is of type 
FO approximately, with no peculiarities that we can discover. The 
radial velocity is of the order of +100 km. The visual magnitude 
seems to us fainter than 9.5, at least 10, judging from its faintness on 
the slit of the spectrograph.” 
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RIGHT ASCENSION AND DECLINATION COMPARED 
WITH CELESTIAL LONGITUDE AND LATITUDE, 


FREDERIC R. HONEY. 


The right ascension and declination system of codrdinates would ob- 
viously be the only one which would be adopted if observations 
of the heavens were limited to the fixed stars. The earth may be 
regarded as the center of the celestial sphere upon whose surface the 
stars are situated. To an observer at the equator both poles of the 
heavens are at the horizon; and at every point on the earth’s surface 
the elevation of the pole is equal to the latitude of the observer's posi- 
tion—reaching its maximum at the pole (Lat.= 90°), i.e. the zenith. 
The diameter of the celestial sphere is so great that, in comparison 
with it, the earth’s orbit dwindles to a mere point; and as a conse- 
quence the plane of the celestial equator is the plane of the earth’s 
equator, whatever may be the earth’s position in its orbit; i.e. the 
displacement of the earth—due to its revolution around the sun—pro- 
duces no change whatever in the apparent position of the celestial 
equator, or circle of right ascension. The surface of the celestial sphere, 
apparently rotating about an axis which is practically a continuation 
of the earth’s axis, may thus be regarded as an enlarged repetition of 
the earth’s surface—the right ascension circle corresponding to the 
earth’s equator on which longitude is measured; and the circles of 
declination corresponding to the circles upon which latitude is meas- 
ured on the earth’s surface. 

Since, however, the earth revolves around the sun in a plane which 
is not perpendicular to the axis of the celestial sphere, it becomes 
necessary to adopt an additional system of coérdinates in which the 
circle of celestial longitude is in the plane of the earth’s orbit, i.e. the 
plane of the ecliptic, and the plane of the circle upon which celestial 
latitude is measured, is perpendicular to the ecliptic. 

Fig. 1 represents the celestial sphere. The earth, which is at the 
centre, may be regarded as stationary. It rotates in the direction of 
the arrow a; and as a consequence the celestial sphere appears to 
rotate in the opposite direction, i. e. of the arrow A. 
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THe Moon’s Orsit. 


The moon’s apparent positions on the surface of the celestial sphere 
during the month afford good illustrations of the two systems of codér- 
dinates. For half the time our satellite is above the ecliptic, and for 
the remainder of the month itis below. The orbit is plotted by points, 
two of which are illustrated, viz., the positions for December 10 and 15. 

On December 10, Greenwich time, the projection of the right ascen- 
sion 22" 37.57 is c, the vertex of the minor axis of the ellipse, upon 
which the declination — 2° 59’.1 is measured. The projection of the 
longitude 339° 50’.45 is b, the vertex of the minor axis of the ellipse 
upon which the latitude +5° 17’ is measured. If these four coérdinates 
are carefully plotted they intersect at a common point. But only two 
are needed, and evidently the simplest selection is a combination of 
declination and latitude which are laid off on the great circle, the first 
below the equator, and the second above the ecliptic. Straight lines 
drawn from these points parallel respectively to the equator and the 
ecliptic intersect at the position for the given date. 

The position for December 15 is given by the right ascension e = 3" 
14".43 and declination +20° 2’.2. The longitude d = 51° 34’.3 and 
latitude = + 1° 56.5. In the same way any number of points on the 
orbit may be determined. The direction of the moon’s motion is shown 
by the arrow a’—the same general direction as that of the earth's rota- 
tion On its axis. 

If it is required to find the right ascension and declination, or the 
longitude and latitude of a point whose projection on the celestial 
sphere is given, the problem is resolved into the following :— 

Having given the major axis of an ellipse and a point on the 
curve, it is required to find the minor axis. Let a b Figure 2 be the 
major axis and p the given point. From p as a centre with a radius 
equal to the semi-major axis oa describe an arc, which intersects o g 
drawn perpendicular to ab, at g. Join pq intersecting ab atr. The 
semi-minor axis oc is equal to pr. The ellipse may now be plotted 
by points or by arcs of circles. 

Figure 3. Let P be the projection of the point on the celestial sphere. 
From P as a center with a radius equal to that of the great circle 
which is the semi-major axis of the ellipse, draw the arc a + intersect- 
ing the ecliptic at a and the equator at b. Draw Pa and Pb, the former 
intersecting one major axis at c and the latter intersecting the other 
major axis at d. Lay off on the ecliptic oe=cP, which is the semi- 
minor axis of one ellipse; and lay off on the equator of =—dP which is 
the semi-minor axis of the other ellipse. The points e and / are re- 
spectively the projections of the longitude and right ascension of P. 
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Draw eq perpendicular to the ecliptic intersecting the great circle at 
q. The longitude ng, which should be increased by 270°, is shown in 
its true value. Draw Pm parallel to the ecliptic. The latitude is mn. 

Draw fk perpendicular to the equator intersecting the great circle 
at k. The right ascension gk, which should be increased by XVIII 
hours is also shown in its true value. Draw PA parallel to the equator. 
The declination is gh. 

From this it appears that if the right ascension and declination of a 
point are given, the longitude and latitude may be determined; or, if 


the longitude and latitude are given, the right ascension and declina- 
tion may be plotted. 





SOME EXTRA METHODS IN NAVIGATION, 
KF. J. B. CORDEIRO. 


A ship’s position is determined by two methods, viz,, by dead reckon- 
ing, and by astronomical observations. In the former, the problem is 
to find the change in latitude and longitude after sailing a distance D 
on a track making a constant angle C with the meridians, from a 
given position. 

Considering the earth a sphere, it is evident that the change in lati- 


tude, Za, is Dceos C. Designating the latitude by Z and the longitude 
by A, it is also evident that 

dL é 
cos L 


Integrating, we have as the difference of longitude, 
tan ( ; oe = ) 


T Lo 
tan ( 4 + 9 ) 
where L, is the first and Z the second latitude. 

_ This gives us the change in longitude in natural units of angle, or 
radians and the logarithm is, of course, to the natural base, e. Since 
a radian equals 57.2957 degrees, and the modulus of ordinary loga- 
rithms, M, is .43429+, we have for the changes in longitude, expressed 
in degrees and ordinary logarithms, 

log \u = 2.12034 + log tan C 


Cs ™ Lo 
+ tog [ tog tan (-7 + ) tog tan ( 7 +; | (1) 


Gk = tan C 


Au = tan C log 
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In the Mercator transformation, where the seutie and meridians 
are stretched in such a proportion that all rhumb lines become arcane 
lines upon a plane surface, we have the formula 





Aa = tan C. Mer. Lu, (2) 


where Mer. ZL: denotes the Mercatorial difference of latitude, or the dif- 
ference between the stretched latitudes of the two extreme points. The 
lengths of these stretched latitudes are given in tables of “Meridianal 
Parts”. In the “American Practical Navigator” (Bowditch) the refine- 
ment is made of computing those lengths on the supposition that the 
earth is a spheroid of a given eccentricity, differing slightly from a 
sphere. In either case it is necessary to determine the difference of 
latitude before the difference of longitude can be found, and in both 
cases this is done on the assumption that the earth isa sphere. Hence 
the attempted increase in accuracy by supposing the earth a spheroid is 
not even theoretically attained. The difference of longitude computed 
by formulas (1+) and (2) coincides generally within less than 1’. Con- 
sidering, therefore, the inevitable errors attendant upon dead reckoning, 
which are in general greater than the refinement attempted, it will be 
seen that formula (1) is sufficient for all practical purposes. The work 
involved is the same for both formulas. The time spent in computing 
tables of “Meridianal Parts” from complicated formulas might well 
have been spared, and the saving of spate by omitting them from 
navigational books would be a distinct advantage. 

Astronomical navigation consists simply of solving the astronomical 
triangle PSZ, where P is the celestial pole, Z the zenith of the observer 
and S the position of the observed body. 

Given the latitude of the observer, and the declination and altitude 
of the body, it is evident that the other parts of the triangle can be 
readily found. The angle SPZ is the apparent time, or hour angle, of 
the body, while the angle PZS is its azimuth. By comparing the latter 
with the compass bearing of the body, we determine the error of the 
compass. 

By assuming the latitude or longitude of the observer, we can solve 
our triangle, but if we do not know one or the other, it cannot be 
solved. In the routine of navigation one or the other is taken from 
dead reckoning, but the object of astronomical navigation is to correct 
the errors of dead reckoning, which cumulatively increase with the 
time, and we are thus correcting an error by means of the error itself. 

Thus, by morning and evening sights, we determine the longitude by 
assuming a latitude which is probably erroneous, and by a meridian 
altitude we determine the latitude and assume a longitude which is 
probably erroneous. Fortunately when the body is in the prime vertical 
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or near it, any error in the assumed latitude is much reduced in the 
resulting longitude, but the fact remains that in ordinary navigational 
work there is rarely or never such a thing as an astronomical “Fix”. A 
single “Time Sight” is not sufficient for a fix, but two are. 


Pp 
P 





Ficure 1. Z 


FIGURE 2. 


A fix may be obtained in several ways. Thus if the horizon permits 
taking the altitudes of two bodies (at twilight or dawn) we can obtain 
a fix at once. 

If two observers at Z simultaneously take time sights of two stars, S 
and S’, or one observer takes in a short time successively time sights 
of S. S’ and then again of S, and reduces the two altitudes to the same 
time, we have all the angles in the two triangles PSS’, and SZS’, and 
hence can find the colatitude ZP and also the longitude of the position. 
Or, if Z is stationary by taking two time sights of the same body with 
a moderate interval, we can fix the position. 

If a time sight of S is taken at Z and after sailing a short distance 
to Z’ on a given course, another time sight is taken of S’, or of the 
first body which has moved to S’, it is evident that there is only one 
value of PZ’ which will satisfy the data. This value must be such 
that the hour angles computed from it shall satisfy the equation 

SPZ +- ZPZ’ + Z'PS’ = SPS’. 
We must assume a trial value of the latitude at Z or Z’ until we. find 
one that satisfies this equation. The difference of longitude, ZPZ’, is 
derived from dead reckoning and we are justified in assuming that, for 
a short run, the value derived will be only slightly in error. For a 
long run this, of course, would not be the case. 

Finally we can derive two Sumner lines and by bringing up the first, 
for the course sailed, obtain a fix at the point of intersection, as is 
commonly done. The last two methods are a combination of observa- 
tions and dead reckoning. When the interval between two sun sights 
is short, the two Sumners cross at a very oblique angle and their inter- 
section is unsatisfactory. On the other hand, when the run is long, the 


errors of dead reckoning increase. The former method allows a mini- 
mum of dead reckoning and is more accurate. 
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THE ROLE OF ASTRONOMY IN THE 
DISCOVERY OF AMERICA. 


W. CARL RUFUS. 


Lalande*, a famous French astronomer, wrote: “It is to astronomy 
that we are indebted for the first voyages of the Phoenicians, and the 
earliest progress of industry and commerce; it is moreover to it, that 
we owe the discovery of the New World. Christopher Columbus 
had an intimate knowledge of the sphere, since it gave to him that 
assurance and inspired in him that confidence with which he directed 
his route toward the west, certain of reaching by the west the continent 
of Asia or of finding there a new.” 

Another writer gives credit to the science of astronomy in the great 
discovery through a different channel. Rudioy says: “The silent work 
of the great Regiomontanus in his chamber at Nuremberg computed 
the ephemerides which made possible the discovery of America by 
Columbus.” 

At an early age Columbus began to devote himself to the study of 
cosmography. His son Ferdinand writes: “In his tender years he 
applied himself so much to study at Pavia, as was sufficient to under- 
stand cosmography ; to which sort of reading he was much addicted, 
for which reason he also applied himself to astrology and geometry, 
because these sciences are so linked together that the one cannot subsist 
without the other; and because Ptolemy, in the beginning of his cos- 
mography, says that no man can be a good cosmographer unless he be 
a painter too, therefore he learned to draw in order to describe lands, 
and set down cosmographical bodies, planes or rounds.” 

From this passage it appears that Columbus concentrated his atten- 
tion at the university of Pavia upon cosmography and cognate subjects. 
He probably studied Sacrobosco’s “Sphaera Mundi,” an elementary 
treatise on astronomy written by John Holywood, which enjoyed great 
popularity for several centuries and was one of the first astronomical 
books made more widely available by printing. We also note in the 
quotation that Ptolemy was studied at Pavia. This accords with the 


* Astronomie, Third Edition 1792. Introduction p. xv. The italics are mine. 


+ Quoted by Sedgwick and Tyler, A Short History of Science, p. 191, 1918. 
t Life of Colombo Cristoforo, Punkerton, Voyages and Travels, Vol. 9, p. 6. 
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practice in other European universities of that day. Before the time 
of Columbus; Purbach (1423-1461) at Vienna, a center of mathematical 
and astronomical learning, recognized the necessity of mastering the 
works of Ptolemy, and even advocated recourse to the original Greek 
versions, although his early death prevented carrying out his plans for 
obtaining manuscript copies from Italy. His pupil, Johann Muller, better 
known by his Latin name, Regiomontanus, succeeded in collecting 
many Greek manuscripts and copies of scientific words of the early 
Greek masters, and studied them in the original. He was thus enabled 
to improve and to complete Purbach’s “Epitome of Astronomy.” Turn- 
ing printer to popularize his works he also published Purbach’s book 
on planetary theory, issued almanacs which gave useful information, 
phases of the moon, eclipses, planetary data for astrological purposes, 
etc., and prepared a volume of ephemerides of the sun, moon, and 
planets, for the period 1473 to 1560, to be used in determining position 
at sea by a new method of lunar distances. The excellence of the 
instruments that he used in making observations and improved meth- 
ods of computation combined to produce tables of greater accuracy 
than others in use at that time, which was a great boon to Columbus 
and other navigators. 

A reputed pupil of Regiomontanus, Martin Behaim, a native of 
Nuremberg, also deserves mention in connection with the astronomical 
equipment of Columbus for the voyage of discovery. Drawn to Portugal 
as a trader he became a member of a commission appointed by King 
John for improving methods in navigation. His chief contribution 
was the improvement of the astrolabe and its application to navigation 
about 1480, making it possible to determine the distance from the 
equator by the altitude of the sun. Quite significant in this connection 
is the following statement:{ “Shortly after this valuable invention 
Columbus submitted to to the king of Portugal his proposition of a 
voyage of discovery.” 

Columbus’ belief in the sphericity of the earth was fortified by current 
teaching drawn from the ancient Greeks. Thales, chief of the Seven 
Sages, believed that the earth was round; although his vague specula- 
tions provided weak support for the theory. Pythagoras and his fol- 
lowers perpetuated the belief and strengthened their position by draw- 
ing analogy from the sphericity of other celestial bodies. Philolaus 
even attributed the motion of revolution to the earth in common with 
other bodies around an imaginary central fire; and Aristarchus main- 
tained that the earth revolves around the sun, although we know 


{ Introduction to Select Letters of Columbus in Hakluyt Society's Narratives of 
Voyages quoted by S. J. Johnson, Observatory 26, 388. 
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practically nothing concerning the grounds of his belief. Aristotle 
taught that the sphericity of the earth may be observed _at the time of 
a lunar eclipse, because its shadow is an arc; furthermore its sphericity 
and its smallness in comparison with the heavenly bodies are deduced 
from the fact that southern stars visible in Egypt are not visible in 
countries farther north, while stars always above the horizon in north- 
ern countries are seen to set in countries to the south. He clearly 
interpreted these phenomena and emphasized the smallness of the 
earth, otherwise a small change of position of the observer would not 
produce so great an effect. “It seems, therefore, not incredible that 
the region about the Pillars of Hercules (Gibraltar) is connected with 
that of India, and that there is thus only one ocean.” This passage 
from the great philosopher handed down through many generations 
exerted a strong influence upon Columbus. 

Eratosthenes made a scientific estimate of the size of the earth 
based upon the difference in the zenith distance of the midday sun at 
summer solstice as seen from Alexandria and from Syene located due 
south in Upper Egypt. The difference in altitude, one-fiftieth of a 
complete circumference, he correctly inferred corresponded with the 
ratio between the distance apart of the two stations and the circum- 
ference of the earth. The measurement of the distance led to a fair 
determination of the size of the earth, one authority maintaining that 
the result was less than one per cent in error. 

In his celebrated Syntaxis or Almagest, Ptolemy recorded the chief 
astronomical knowledge of the Greeks. He accepted the doctrine of 
the sphericity of the earth and lays it down in Book I, supporting it by 
various considerations. He presents arguments concerning the central 
position of the earth in the universe and its immobility, arguments 
good in themselves, which led to a false conclusion on account of a 
lack of knowledge of the infinite extent of the celestial sphere. He 
recognized, however, that the earth is small compared with the heav- 
ens. “The earth is but as a point in comparison to the heavens, because 
the stars appear of the same magnitude and the same distance inter 
se, no matter where the observer goes on the earth.” He accepts the 
estimate of the size of the earth made by Posidonius, which was not- 
ably too small. 

The Arabs, preservers of Grecian science during the thousand years 
of the stationary period of European science, also accepted the doctrine 
of the sphericity of the earth, and Al Mamun ordered two men to verify 


This work was quoted by Columbus in his letter to the Spanish monarchs in 
1498. A copy annotated by Columbus is said to be among the treasures of the 
library of Seville. 
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Ptolemy’s value of the size of the earth, which resulted in a question- 
able verification of the inaccurate figures. 

With the return of Greek science from Arabia to Europe in the 
twelfth century some attention was again paid to astronomy and other 
branches. In the thirteenth century Roger Bacon laid the foundations 
of experimental science. He followed Ptolemy (recovered from the 
Arabs) in general concerning ideas about the universe, although he 
severely criticized some arbitrary assumptions and the complexity of 
the system of cycles, epicycles, etc. He believed in the sphericity of 
the earth, and in the chapter on Geography in his Opus Majus he dis- 
cusses the question how large a part of the earth is covered by the 
sea. Comparing the works of Aristotle, Seneca, and Ptolemy, he reaches 
the conclusion that the ocean between the east coast of Asia and the 
west coast of Europe is not very broad. 

This work came into the hands of Cardinal Pierre d’Ailly, who 
reached a similar conclusion by a widely different process. The second 
book of Edras, considered apocryphal by Protestants, was formerly 
held as a part of the sacred canon. In a summary of the works of 
creation occur the following passages: 

“Upon the third day thou didst command that the waters should be 
gathered in the seventh part of the earth; six parts hast thou dried 
up to the intent that of these, some, being planted of God and tilled, 
might serve thee.” 

“Upon the fifth day thou saidst unto the seventh part where the 
waters were gathered, that it should bring forth living creatures, fowls 
and fishes, and so it came to pass.” 

Believing in the sphericity of the earth and in the authenticity of 
these texts, which evidently taught that only one-seventh of the earth 
is covered with water, d’Ailly concluded from his knowledge of the 
extent of land surface that the globe must be much smaller than was 
generally supposed and consequently that the land of “Zipango” on the 
extreme east coast of Asia must be quite near to Europe. In his book, 
“Imago Mundi,” a part of Bacon’s work above mentioned was copied 
almost literally without giving credit to its author. He emphasized as 
his own conclusion the smallness of the earth and the nearness of 
Japan to Europe or the short distance between the west coast of Europe 
and the east coast of Asia. The Imago Mundi written in 1410 was 
first printed in 1490. A copy coming into the possession of Columbus 
made a strong impression upon him, and the argument, supported as 
it was by texts believed to be inspired, was probably used to good 
advantage in securing royal favor for his enterprise. Thus Roger Bacon 
through the plagiarism of d’Ailly, although two hundred years had 
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passed since his death, and a theological error held by the same good 
cardinal (d’Ailly) conspired to contribute to the success of Columbus. 

On the eventful voyage the distance proved to be greater than was 
formerly believed. Columbus kept two logs, a false one which showed 
the faint-hearted sailors a shorter distance from Spain, and a secret 
one which revealed to him the true distance they had traveled. For 
the first time the variation of the compass was noted; the needle no 
longer pointed to the North Star. Difficulties multiplied, but the sturdy 
commander kept his fleet headed west, confident that he would reach 
the east. 

The boldness of the mariners of the fifteenth century had been in- 
creased by the general introduction of the compass into Europe during 
the preceding century. Before that time the navigator contented 
himself chiefly by “coasting it along”, out of sight of land for a short 
distance only. Driven from the shore by an untoward wind or lured 
away by the spirit of adventure, he directed his ship as best he could 
by reference to the position of the heavenly bodies or the direction of 
the prevailing winds. During cloudy weather and changing winds he 
was at the mercy of the elements. But the compass furnished a guide 
as trustworthy as the North Star itself. What must have been Colum- 
bus’ feeling of dismay when the needle failed to point due north! 
Reliance upon the astrolabe and the tables of Regiomontanus must 
have been the last resort; as he recognized that observations upon 
the heavenly bodies provided the most trustworthy method of deter- 
mining the ship's position and its course. His knowledge of cosmogra- 
phy gave him the confidence necessary to set his sail boldly to the 
west, and his reliance upon the faithfulness of the celestial bodies kept 
his direction steadfast until his goal was reached. 

Thus we see that astronomy contributed the two most important 
principles upon which Columbus relied for the success of his under- 
taking, the sphericity of the earth and its relative smallness. It also 
provided him with improved tables, instruments and methods in navi- 
gation. And last, though not least in significance, it inspired him with 
steadfastness of purpose, assurance of success, and devotion to his 
task, akin to the unchanging law of the heavens and the faithfulness 
of the stars. 

Detroit Observatory, 
Ann Arbor, Michigan. 
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ORGANIZATION MEETING OF THE AMERICAN SECTION 
OF THE PROPOSED INTERNATIONAL 
ASTRONOMICAL UNION, 


At the organizing meeting of the International Research Council held 
in Paris in November 1918, it was decided to establish an International 
Astronomical Union, to continue and extend the work formerly con- 
ducted by such international astronomical organizations as the com- 
mittee of the Carte du Ciel, the International Union for Coédperation in 
Solar Research, and similar bodies less formally constituted which 
dealt with various questions relating to astronomy and its applications. 
The International Research Council adopted a resolution requesting the 
National Academy of Sciences, or the corresponding organization in 
each of the countries represented, to take the initiative in organizing 
the section to represent that country in the International Astronomical 
Union. The tentative plan of organization of the American Section of 
the Astronomical Union, as approved by the President of the National 
Academy of Sciences, involved the representation of the various inter- 
ests concerned as given below. 

The membership of the Section includes representatives appointed 
by the presidents of the respective societies, or by the government, also 
a number of members added by the Section itself to secure a wide 
representation of American astronomers and observatories. 


NationaAL ACADEMY OF SCIENCES. 


W. W. Campbell, George E. Hale, A. A. Michelson, F. R. Moulton, Frank 
Schlesinger. ? 


American ASTRONOMICAL SOcIETY. 
C. G. Abbot, W. S. Adams, R. G. Aitken, S. I. Bailey, E. E. Barnard, L. A. 
Bauer, Benjamin Boss, E. W. Brown, W. S. Eichelberger, E. B. Frost, 
J. F. Hayford, W. J. Humphreys, W. J. Hussey, A. O. Leuschner, S, A. 
Mitchell, H. N. Russell, V. M. Slipher, Joel Stebbins. 








—— 
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AMERICAN MATHEMATICAL SOCIETY. 

G. D. Birkhoff, W. D. MacMillan, R. S. Woodward. 
AMERICAN PuHysicAL Society. 

J.S. Ames, Henry Crew, Theodore Lyman. 
U. S. Nava OsserRVATORY. 

J. A. Hoogewerff. 


U. S. Coast Survey. 
William Bowie. 

Upon the call of Dr. George E. Hale, acting for the National Academy 
of Sciences, the organization meeting for the American Section of the 
proposed Astronomical Union was held in the office of the National 
Research Council, Washington, D.C., March 8, 1919, about twenty 
delegates being present. The meeting organized by appointing Mr. Hale 
temporary chairman and Mr. Stebbins secretary. There followed a 
general discussion of the present international situation of science, and 
it was agreed that the Union should take the place of previous inter- 
national bodies in astronomy. 

It was voted that the organization of the Section should be consid- 
ered temporary until after the proposed conference in Brussels in 
July 1919. 

The Section voted that the chair appoint a Committee on Commit- 
tees, toact temporarily as an Executive Committee, which should 
consider all general matters of business, appoint all committees, add 
additional members to the Section, and appoint the delegates to the 
Brussels conference. This committee appointed W. W. Campbell as 
permanent chairman of the Section. Other members of the Executive 
Committee are: C.G. Abbot, E. W. Brown, Frank Schlesinger, and Joel 
Stebbins, secretary. 

In regard to membership of enemy nations in the Union, the Section 
voted to adopt as representing the sentiments of the meeting the Dec- 
laration of the Interallied Conference on International Scientific Rela- 
tions, held at the Royal Society in London on October 9 to 11, 1918.* 

In regard to the admission of neutral nations to the union, the Sec- 
tion voted that it be the sense of the meeting that nations which had 
been neutral in the war should be admitted into the International 
Astronomical Union on the conclusion of peace. 

Mr. Schlesffiger outlined the kind of astronomical work that requires 
international codperation: 


First: Work too extensive to be undertaken except by inter- 
tional coéperation; the Carte du Ciel, for example, or the 
plan of Selected Areas. 


* See Science 48, 509, 1918. 
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Second: Undertakings in which there is a geographical nec- 
essity for international codperation. Variation of latitude, 
longitudes, variable stars, continuous observation of solar 
phenomena, etc. 


Third: Matters of convention. Uniformity of nomenclature, 
notation and units. Examples, unit for stellar distances 
(four now in use), classification of spectra, use of probable 
or mean error or of average deviation, notation for celestial 
mechanics, notation for the reduction of photographic 
plates, etc. 


Fourth: The avoidance of duplication. Calculations for the 
national Almanacs and for special ephemerides, such as 
comets, asteroids, and variable stars. Astronomical ab- 
stracts, and news of new comets, variable stars, novae, 
asteroids and the like. 


The Section discussed the various fields in astronomy in which com- 
mittees should be formed to make report at another meeting of the 
Section, which would give instructions to the delegates to the proposed 
Paris conference. The following committees were authorized by the 
Section. The Executive Committee later made the appointments: 


CoMMITTEE ON THE VARIATION OF LATITUDE. 
F. B. Littell, chairman; A. O. Leuschner, Frank Schlesinger. 
It was voted to ask the American Section of the International Geo- 
physical Union to appoint a similar committee to confer and make a 
* joint recommendation on the organization and method of handling the 
variation of latitude. 
COMMITTEE ON STANDARDS OF WAVE-LENGTH. 
Henry Crew, chairman; H. D. Babcock, Keivin Burns, W. W. Campbell, 
C. E. St. John. 
CoMMITTEE ON SOLAR ROTATION. 
C. E. St. John, chairman; W. S. Adams, Frank Schlesinger. 
COMMITTEE ON ECLIPSES. 
S. A. Mitchell, chairman; E. E. Barnard, H. D. Curtis. 
COMMITTEE ON STELLAR CLASSIFICATION. 
H. N. Russell, chairman; Miss Annie J. Cannon, R. H. Curtiss. 
CoMMITTEE ON ASTEROIDS AND CoMETS. 
A. O. Leuschner, chairman; E. W. Brown, G. H. Peters. 
COMMITTEE ON ALMANACS. 
W. S. Eichelberger, chairman, E. W. Brown, R. H. Tucker. 
CoMMITTEE ON RADIAL VELOCITIES. 
W. W. Campbell, chairman; W. S. Adams, J. S. Plaskett. 
CoMMITTEE ON DouBLe STARS. 
R. G. Aitken, chairman; Eric Doolittle, W. J. Hussey. 
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CoMMITTEE ON NoTATION, UNITS, AND ECONOMY OF PUBLICATION. 

W. J. Humphreys, chairman; E. B. Frost, A. O. Leuschner. 
COMMITTEE ON MERIDIAN ASTRONOMY. 

Benjamin Boss, chairman; F. B. Littell, Frank Schlesinger. 
COMMITTEE ON ABSTRACTS AND BIBLIOGRAPHIES. 

F. E. Fowle, chairman; H. D. Curtis, G. S. Fulcher. 
COMMITTEE ON RESEARCH SURVEYS. 

G. E. Hale, chairman; F. R. Moulton, Harlow Shapley. 
COMMITTEE ON STELLAR PHOTOMETRY. 


F. H. Seares, chairman; S. I. Bailey. F. C. Jordan, J. A. Parkhurst, Joel 
Stebbins. 


CoMMITTEE ON WIRELESS DETERMINATION OF LONGITUDE. 
J .A. Hoogewerff, chairman; W. W. Campbell, J. J. Carty. 
This committee was requested to study the feasibility of determina- 
tions of longitude by wireless at widely distributed stations, and report 
on what seems to be the proper time and method for such undertakings. 
COMMITTEE ON SOLAR RADIATION. 
Mr. C. G. Abbot was asked to prepare a report on Solar Radiation. 
COMMITTEE ON THE SPECTROHELIOGRAPH. 


The Mount Wilson Observatory was asked to prepare a report on work 
with the spectroheliograph. 


CoMMITTEE ON REFORM OF THE CALENDAR. 
R. T. Crawford, chairman; W. W. Campbell, Harold Jacoby. 


It was voted that the section offer to act in astronomical matters as 
the agent of the Division of Physical Sciences of the National Research 
Council. The Research Council later accepted this offer. 

Various other items of organization and scientific interest were dis- 
cussed by the Section at the morning and afternoon sessions, and in 
the evening, without formal action. 

Since the meeting of the Section it has been definitely decided that 
the Brussels conference will open on July 16,1919. The American 
Section will meet in Washington for two days beginning June 23, and 
the delegation will sail from New York on June 28, going by way of 
London. The exact personnel of the delegation has not yet been deter- 
mined, but it will include W. W. Campbell, chairman; W.S. Adams, 
Benjamin Boss, S. A Mitchell, Frank Schlesinger, Joel Stebbins, and 
several others. It is hoped that Major Philip Fox, now with the Amer- 
ican forces abroad, will also be able to attend the Brussels meeting. 


JoeL STEBBINS, 
Secretary, Temporary Organization 
Urbana, III. of the American Section. 
May 24, 1919. 
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PLANET NOTES FOR JULY AND AUGUST, 1919. 


The path of the sun for these months lies in a southeasterly direction. At the 
beginning of July it will be more than twenty-three degrees north of the equator 
and at the end of August it will be less than nine degrees north. It will move 
from Gemini through Cancer into Leo, passing very near the bright star Regulus on 
August 21. 
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The phases of the moon for these month are as follows. 


First Quarter July 4 at 9 pm. CS.T. 


Full Moon 12 12 P.M. 

Last Quarter = ~“ § as 

New Moon 26 “ 11 PM. 

First Quarter Aug. 3 “ 2 em. CST. 
Full moon am“ & « = 
Last Quarter 1i8°* 10 ae 

New Moon 25 “* 10 aM. 


The summer time clock readings will be one hour greater for these phases. 


Mercury will be at a point of greatest elongation east of the sun on July 18 . 
It will then be moving eastward but aftef this date its motion will be less than that 
of the sun. On July 31 it will become stationary and then move westward towards 
the sun. It will pass between the earth and the sun on August i5. At the end of 
August it will be very near a position of greatest elongation west of the sun. It 
will therefore be visible in the west just after sunset about the middle of July and 
in the east just before sunrise about the end of August. 


Venus will be brilliant in the evening sky throughout this period. On July 4 
it will be at a point of greatest elongation east. On August 7 it will have a brill- 
iancy indicated by a stellar magnitude of — 4.2. This will be the time of greatest 
brilliancy. After July 4 the planet will be lower in the sky from night to night. 
Beginning on August 20 it will move westward among the stars, and by the end of 
the month will be only about one hour east of the sun. 


The earth will be at aphelion, farthest distant from the sun, on July 3. 


Mars will be moving eastward at a slower rate than the sun. It will therefore 
rise earlier from day to day. By the end of August it will be coming into a position 
for early morning observations. It will be several degrees north of the sun, which is 
favorable for northern observers. 


Jupiter will be invisible during the greater part of these two months. On 
July 1 it will cross the meridian about one hour after the sun, on July 22 at the 
same time as the sun, and on August 31 about two hours before the sun. 


Saturn will be visible in the west at sunset at the beginning of July. The sun 
will be approaching it and the planet will be lost in the solar rays on about 
the first of August. It will be passed by the sun on August 25. 


Uranus will be at its most favorable position for the year for observation. 
About the middle of August it will cross the meridian at midnight. Because of its 
southern declination it will be observed with difficulty by northern observers. 


Neptune will be in conjunction with the sun on August 1. It will consequently 
not be possible to observe this planet during these two months, because of its near- 
ness to the sun. 
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Occultations Visible at Washington. 


[From the American Ephemeris.] 


IM MERSION. 


Star’s Magni Washing- Angle 
Name tude ton M.T. f'm N. 
h m ° 
262 B Sagittarii 6.4 8 18 76 
51 Piscium 5.6 10 28 90 
175 BArietis 6.4 13 96 116 
¢ Tauri 3.0 16 05 55 
14 Sagittarii 5.6 11 37 142 
c? G Capricorni 5.3 11 25 80 
« Aquarii 5.2 12 08 107 
207 B Aquarii_ 6.3 14 25 64 
22 BPiscium 6.4 8 30 64 
16 Piscium §.7 16 50 57 
53 Arietis 6.0 19 36 66 
w Tauri 4.8 15 02 50 
225 Librae 6.0 6 30 127 





VARIABLE STARS. 


EMERSION. 


Washing- Angle 
ton M.T. fm N. 
h m ° 
9 36 267 
i 6 224 
13 46 212 
16 56 295 
12 09 190 
12 43 222 
13 02 191 
15 40 234 
9 30 249 
17 59 250 
i a 262 
16 06 283 
7 46 251 


Maxima of Variable Stars of Short Period. 


eR ORR KE Or OOoOCoOF 


[Calculated by members of the class in General Astronomy at Carleton College. ] 


Given to the nearest hour in Greenwich mean time. 
time subtract 5"; Central standard time 6"; etc. For “Summer Time” subtract 1» less. 


Star R. A. Decl. Magni- Approx. 
1900 1900 tude Period 
h m ° , d ih 

SX Cassiop. 0 05.5 +54 20 8.6— 9.2 36 13.7 
SY Cassiop. 009.8 +57 52 93—99 4 1.7 
RR Ceti 1 27.0 +050 83— 90 0 13.3 
RW Cassiop. 1 30.7 +57 15 89—11.0 14 19.2 
V Arietis 209.6 +1146 83— 9.0 0 23.8 
SU Cassiop. 2 43.0 +68 28 65— 7.0 1 22.8 
TU Persei 3 01.8 +52 49 114—12.2 0 14.6 
RW Camelop. 3 46.2 +58 21 8.2— 9.4 16 00.0 
SX Persei 410.2 +41 27 104—11.2 497.0 
SV Persei 42.8 +42 07 88— 9.6 11 03.1 
RX Aurigae 4545 +39 49 7.2— 8.1 11 15.0 
SX Aurigae 5 04.6 +42 02 80— 8.7 1 12.8 
SY Aurigae 05.5 +42 41 84— 9.5 10 03.3 
Y Aurigae 21.5 +42 21 86—96 3 20.6 
RZ Gemin. 5 56.6 +22 15 9.1—10.0 5 12.7 
RS Orionis 6 165 +1444 82—89 7 13.6 
T Monoc. 19.8 + 708 5.7— 6.8 27 00.3 
RT Aurigae 23.0 +30 33 51—60 3 17.5 
RZ Camelop. 23.7 +67 06 11.0—13.0 0 11.5 
W Gemin. 29.2 +15 24 6.7—7.5 7 22.0 
¢ Gemin. 6 58.2 +20 43 3.7— 43 10 03.7 
RU Camelop. 710.9 +69 51 85— 9.8 22 06.5 
RR Gemin. 7 15.2 +31 04 10.0—11.5 0 09.5 


To obtain Eastern standard 


Greenwich mean times ot 
maxima in 1919. 


July 


— 
mm OIC = NO Om OI IOI CO 
he 


a mm CO oD 


"IDmADOnmWC 


— 


“Ik hk ODO) se Oe he 


-_ 











Variable Stars 395 
Maxima of Variable Stars ot Short Period—Continued. 

Star R.A. Decl. Magni- Approx. Greenwich mean times of 

1900 1900 tude Period maxima in 1919. 

July Aug. 

h m oUF J h d oh d oh d oh 4 oh 
V Carinae 8 26.7 -—59 47 74—81 6167 3 16:17 1; 6 4;26 6 
T Velorum 8 344 -—47 01 76—85 4153 8 14; 27 3: 5 10; 24 0 
V Velorum 919.2 —55 32 75—82 4089 6 5; 23 17; 11 4; 27 16 
Z Leonis 9 46.4 +27 22 7.9— 9.6 59 00.0 20 0 
RR Leonis 10 02.1 +24 29 9.1—10.1 0109 6 10; 20 0; 2 14; 22 22 
SU Draconis 11 32.2 +67 53 89— 9.6 015.8 7 7: 20 12; 2 17; 22 12 
S Muscae 12 07.4 —69 36 64—73 9158 6 9; 2517; 4 9: 23 16 
SW Draconis 12.8 +7004 88—96 0413.7 6 0; 21 23; 6 22; 22 21 

T Crucis 15.9 -—61 44 68—76 617.6 4 6; 1717; 6 22; 20 
R Crucis 18.1 —61 04 68—7.9 5198 5 9: 22 20; 3 12; 20 23 
S Crucis 12 48.4 -—57 53 65—7.6 4166 112; 15138; 3 8; 22 2 
W Virginis 13 20.9 — 2 52 8.7—10.4 17 06.5 15 13; 119; 19 2 
SS Hydrae 25.0 -23 08 74-81 8 48 3 0; 1910; 4 20; 21 5 
RV Urs. Maj. 13 29.4 +5431 92—99 0112 4 4:18 5; 1 6; 22 7 
ST Virginis 14 225 -— 0 27 103-114 009.9 2 2; 18 12; 3 22:20 9 
V Centauri 25.4 —56 27 64—7.8 511.9 5 16; 22 14; 2 3: 18 15 
RS Bootis 29.3 +32 11 89~—100 009.1 4 8:19 10; 3 12; 18 14 
RU Bootis 14 41.5 +23 44 128-143 011.9 3 4; 19 0; 1 20; 24 2 
R Triang. Austr. 15 10.8 -66 08 6.7— 74 309.3 5 23:19 13; 2 2: 15 16 
S Triang. Austr. 15 52.2 -—63 29 64— 7.4 607.8 3 5: 22 5: 3 20; 22 19 
S Normae 16 10.6 -—57 39 66—7.6 918.1 8 19; 28 7; 7 1: 26 13 
RW Draconis 33.7 +58 03 9.6—10.8 0106 617; 2410; 2 7:21 0 
RV Scorpii 16 518 -33 27 6.7—74 601.5 3 2:21 6; 2 9: 2013 
X Sagittarii 17 41.3 -—27 48 44— 50 700.3 3 23:25 0; 9 0; 22 1 
Y Ophiuchi 473 -— 607 61— 6.5 1702.9 11 3; 28 6; 14 9; 31 12 
W Sagittarii 17 586 -—2935 43—5.1 7143 7 8; 22 12; 6 17: 21 22 
Y Sagittarii 18 155 -—18 54 54—62 5186 3 9; 2016; 1 5:24 8 
U Sagittarii 26.0 -—19 12 65—73 617.9 5 4:25 10; 7 21:21 9 
Y Scuti 32.6 — 8 27 8.7— 9.2 10083 2 15; 23 8; 2 16; 23 9 
Y Lyrae 342 +43 52 113—123 012.1 2 11: 20 13; 1 14; 19 17 
RZ Lyrae 39.9 +32 42 9.9—11.2 012.3 3 16; 22 2; 3 9: 21 18 
RT Scuti 18 44.1 -—10 30 91—9.7 011.9 2 6; 20 2; 6 23; 2419 
« Pavonis 18 46.6 —67 22 38— 52 9022 8 1; 26 6; 4 8; 22 12 
U Aquilae 19 240 — 715 62—69 7006 6 2;20 3; 3 4; 24 6 
XZ Cygni 30.4 +5610 86— 9.3 011.2 1 22; 15 22; 5 22: 26 22 
U Vulpec. 32.2 +2007 65— 7.6 723.5 8 9; 24 8: 1 7;25 6 
SU Cygni 40.8 +2901 62— 7.0 3203 7 21; 23 6: 7 15; 23 0 
» Aquilae 474 +045 37—45 7042 7 3; 2111; 420;19 4 
S Sagittae 51.5 +16 22 56—64 809.2 2 9:19 4; 4 22; 21 16 
X Vulpec. 19 53.3 +2617 9.5—10.5 607.7 611;19 2: 6 1; 19 16 
X Cygni 20 39.5 +35 14 60— 7.0 16 09.3 12 1; 28 10; 13 19; 30 5 
T Vulpec. 472 +27 52 55— 61 4105 4 8:17 16; 4 922 3 
WY Cygni 52.3 +3003 9.6—10.4 0135 411: 17 22; 7 2; 20 13 
RVCapric. . 55.9 —15 37 9.2—10.1 0107 1 4; 21 7; 317:17 3 
TX Cygni 20 56.4 +4212 85— 9.7 1417.4 12 20; 27 14; 11 7; 26 1 
VY Cygni 21 00.4 +39 34 88-— 9.5 7 20.6 7 12; 23 5; 7 22; 23 16 
SW Aquarii 10.2 — 020 99-108 0110 6 0; 1919; 2 13: 23 5 
VZ Cygni 21 47.7 +42 40 82-— 9.2 420.7 4 5; 18 20; 2 10; 21 21 
Y Lacertae 22 05.2 +5033 91-— 96 4.07.8 8 19; 17 10: 3 18; 21 1 
5 Cephei 25.5 +57 54 3.7- 46 5088 4 21; 20 23; 6 2; 22 4 
Z Lacertae 36.9 +5618 82— 9.0 10 21.1 2 0; 23 18; 3 15; 25 10 
RR Lacertae 37.5 +55 55 85-92 6101 4 5:17 1; 5 8; 2414 
V Lacertae 445 +55 48 85— 9.5 4236 3 11; 18 10; 2 9; 22 7 
X Lacertae 22 45.0 +55 54 82— 86 510.7 6 3; 22 11; 2 8; 24 3 
SW Cassiop. 23 03.7 +58 11 92— 9.7 5106 4 21; 21 5: 1 2; 22 20 
RS Cassiop. 32.6 +61 52 9.0—11.0 607.1 3 9; 22 6; 3 21; 22 18 
RY Cassiop. 47.2 +58 11 9.3—11.8 12 03.4 11 2; 23 5; 4 9; 28 16 
V Cephei 23 51.7 +82 38 6.0—7.0 0 23.9 5 14; 26 12; 2 12; 23 10 
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Minima of Variable Stars ot Short Period. 


[Calculated by D. C. Kazarinoff at Goodsell Observatory. ] 


Given to the nearest hour in Greenwich mean time; to obtain Eastern Standard 


time subtract 5"; Central Standard 6"; etc. For “Summer Time” subtract 1" less. 


Star R.A. Decl. Magni- Approx. Greenwich mean times of 
1900 1900 tude Period minima in 1919 
July Aug. 
h m ° ’ d ih d h doh aohid 
SY Androm. 0 08.0 +43 09 9.5—13.0 34 21.8 20 0 23 
RT Sculptor. 31.5 —26 13 9.6—10.5 0 12.3 6 15; 22 0: 6 8: 21 
UU Androm. 38.5 +30 24 10.7—11.9 1 11.7 6 13; 21 0; 4 21; 19 
U Cephei 0 53.4 +81 20 7.0— 9.0 2 11.8 caw & is 
Z Persei 2 33.7 +4146 9.4—12 3 01.4 +’ Be fT: 6 1h: 38 
TW Cassiop. 37.6 +65 19 82— 9.0 1 10.3 11 21%; S$ TD 
RY Persei 39.0 +47 43 8.0—10.3 6 20.7 2 17; 16 10; 6 0; 19 
RZ Cassiop. 39.9 +69 13 6.9— 8.1 1 04.7 LB is: ¢ & a 
TX Cassiop. 444 +62 22 9.4—10.1 2 22.2 3 1; 2015; 7 4; 24 
ST Persei 53.7 +38 47 8.5—10.5 2 15.6 2&Be & $$ & 
RX Cassiop. 258.8 +67 11 8.6— 9.1 32 07.6 24 13 25 
Algol 301.7 +40 34 23— 3.5 2 208 4 0; 21 5; 1 16:18 
RT Persei 16.7 +46 12 9.5—11.5 0 20.4 3 15; 24 0; 6 14; 20 
» Tauri 55.1 +1212 33— 42 3 22.9 7 5;23 O; 7 20; 23 
RW Tauri 3 57.8 +27 51 7.1—<11 2 18.5 3 16:20 7: & 22: 2 
RV Persei 4042 +33 59 95—11.0 1 23.4 2 9:18 4; 2 23: 18 
RW Persei 13.3 +42 04 88—11.0 13 04.8 S 3; 20 13; 11 17: 24 
SZ Tauri 31.4 +18 20 7.2— 7.7 3 03.6 6 10; 25 8; 3 18; 22 
RS Cephei 448.6 +80 06 9.5—12.0 12 10.1 5 18; 30 14; 12 0; 24 
TT Aurigae 5 02.8 +39 27 7.8— 8.7 0 16.0 4 12; 17 20; 6 20; 20 
RY Aurigae 11.5 +38 13 10.7—11.7 2 17.5 8 9; 24 18; 10 3; 26 
RZ Aurigae 42.9 +31 40 10.6—13.3 3 00.3 6 21; 18 22; 6 0; 24 
SV Tauri 45.8 +28 05 9.4—11.0 2 04.0 itieweik: $$ =a 
Z Orionis 50.2 +13 40 9.7—10.7 5 049 SC2i:21 7; 7 3 
SV Gemin. 54.6 -+24 28 98—<11 4 00.2 8 13; 24 14; 9 15; 25 
RW Gemin. 5 55.4 +23 08 9.5—11.0 2 20.8 S 7; 22 12; -2 23; 20 
U Columbae 6 11.2 —33 03 9.2—10.0 2 19.2 1 10; 18 5; 4 0; 20 
SX Gemin. 22.0 +20 37 10.8—11.5 1 08.8 S 3; 21 i; § 22: 3 
RW Monoc. 29.3 + 8 54 9.0—10.8 1 21.7 8 11; 23 17; 7 23; 28 
RX Gemin. 43.6 +33 21 88— 9.6 12 05.0 5 6; 29 16; 10 21; 23 
RU Monoc. 6 49.4 — 7 28 9.8--10.5 0 21.5 6 9; 2017; 4 1; 25 
R Can. Maj 7149 —16 12 58— 64 1 03.3 4 6; 2416; 7 7; 20 
RY Gemin. 21.7 +15 52 89—<10 9 07.2 4 18; 23 8; 10 23; 20 
Y Camelop. 27.66 +7617 9.5—12 3 07.3 3 23; 17 4; 6 0; 19 
TX Gemin. 30.3 +17 8 10.0—11.9 2 19.2 1 15; 18 10; 4 5; 21 
RR Puppis 43.5 —41 08 9.4—10.7 6 10.3 611; 19 7: 1 4:20 
V Puppis 755.4 —48 58 41—48 1 10.9 8 3; 22 167 6 5; 20 
X Carinae 8 29.1 —58 53 7.9— 8.7 0 13.0 2 4,18 9; -°3 15; 19 
S Cancri 8 38.2 +19 24 8.2—10 9 11.6 1 18; 20 18; 8 17; 27 
RX Hydrae 900.8 — 752 91—105 2 68 6 20; 20 12; 3 5; 16 
S Velorum 29.4 —44 46 7.8— 9.3 5 22.4 Iimné& € ks 
Y Leonis 9 31.1 +26 41 9.3—11.2 1 16.5 1 13; 21 18; 4 6; 24 
RR Velorum 10 17.8 —41 36 10.0—10.9 1 20.5 5 21; 20 17; 4-13; 19 
SS Carinae 10 54.2 —61 23 12.2—12.8 3 07.2 1 18; 21 13; 3 18; 23 
ST Urs. Maj. 11 22.4 +45 44 6.7— 7.2 8 19.2 § 0; 22 14; 9 5; 26 
RW Urs. Maj. 35.4 -+52 34 10.3—11.4 7 07.9 5 21; 20 12; 4 4; 18 
Z Draconis 11 39.8 +72 49 9.9—13.6 1 08.6 1 21; 15 11; 4 20; 18 
RZ Centauri 12 55.6 -—6405 85— 89 1 21.0 4 21; 19 2%; 3 21; 18 
RS Can. Ven. 13 06.3 +36 28 7.5—12.5 4 19.1 9 5:28 9; 7 0; 26 
SS Centauri 13 07.2 —63 37 8.8—10.4 2 11.5 Twas & 7 6B 
133926 Hydrae 13 39.0 —26 23 86—12.7 2 21.5 5 19; 23 4; 3 18; 21 
6 Librae 14556 — 807 48— 6.2 2 07.9 inner &t## Se 
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Star R.A. Decl, Magni- Approx. Greenwich mean times of 

1900 1900 tude Period minima in 1919 

July Aug. 
h m o + d oh @4e62t @86 @ & 
U Coronae 15 14.1 +32 01 7.6— 8.7 3 10.9 7 16; 21 1; 3 21; 1716 
TW Draconis 32.4 +6414 7.3— 8.9 2 19.3 ms ft ee eS oe 
SS Librae 15 43.4 —15 14 93—11.5 0 18.4 2 16; 24 15; 1 7; 16 14 
SW Ophiuchi 16 11.1 — 644 9.2—10.0 2 10.7 8 2; 22 18; 6 10; 21 2 
SX Ophiuchi 12.6 — 6 25 10.5—11.2 2 01.5 2 4; 18 16; 4 4; 20 16 
R Arae 31.1 —56 48 68— 7.9 4 10.2 9 17; 27 10; 5 6; 22 23 
TT Herculis 16 49.9 +17 00 89— 9.3 20 18.1 9 4; 29 22; 8 15; 29 9 
TU Herculis 17 09.8 +30 50 9.5—12 2 06.4 113 i £2): Ba 
U Ophiuchi 11.5 + 119 60—6.7 0 20.1 6 6; 23 1; 8 20; 25 14 
u Herculis 13.6 +33 12 46— 5.4 2 01.2 5 23; 24 10; 5 17; 24 4 
TX Herculis 15.4 +42 00 8.3— 9.0 1 00.7 6 17; 21 3; 4 18; 18 23 
RV Ophiuchi 298 +719 9. —12 3 16.5 611i: 3) & € 2 if 
SZ Herculis 36.0 +33 01 9.5—10.3 0 19.6 3 22; 20 6; § 18; 22 0 
TX Scorpii 486 —34 13 7.5— 82 0 22.6 3 10; 18 12; 2 14; 25 5 
UX Herculis 49.7 +16 57 88—10.5 1 13.2 ‘ &EBw TFT eee 
Z Herculis 53.6 +1509 7.1— 7.9 3 23.8 5 22; 21 21; 6 21; 22 20 
WX Sagittae 53.6 —17 24 9.2—10.8 2 03.1 5 7:22 8 8 9; 25 10 
WY Sagittae 17 549 —23 1 9.5—10.6 4 16.0 2 9 21 1; 8 18: 27 10 
SX Draconis 18 03.0 458 23 9.3~—10.5 5 041 6 18; 27 10; 6 18; 27 10 
RS Sagittarii 11.0 —34 08 59— 6.3 2 10.0 414,19 2; 2 14; 24 7 
V Serpentis 11.1 —15 34 95—11.1 3 10.9 5 3; 25 20; 1 18; 22 11 
RZ Scuti 21.1 —915 7.4— 83 15 03.2 11 8; 26 11; 10 14; 25 17 
RZ Draconis 21.8 +58 50 9.5—10.2 0 13.2 S 7:19 18; 222: 3 6 
RX Herculis 26.0 +12 32 7.0— 7.6 0 21.3 6 20; 21 1; 4 7; 25 15 
SX Sagittarii 39.7 —30 36 8.7— 9.8 2 01.8 3 18; 20 9; 6 0; 22 15 
RR Draconis 40.8 +62 34 9.3--13 2 19.9 8 2:25 2; 2 14 19 13 
RS Scuti 43.7 —10 21 9.3—10.3 0 15.9 1133 DD: 2 2B 2 
B Lyrae 46.4 +33 15 3.4— 4.1 12 21.8 7 17; 20 15; 2 13; 28 8 
U Scuti 18 48.9 —12 44 9.1— 9.6 0 22.9 115; 16 2: 1 & 34 3 
RX Draconis 19 01.1 +58 35 9.3—10.2 1 21.4 8 6; 23 10; 7 13; 22 17 
RV Lyrae 12.5 +32 15 11. —12.8 3 14.4 3.15; 18 0; 1 10; 23 0 
RS Vulpec. 13.4 +22 16 69— 8.0 4 11.4 2:4 £2 Bee FF: 
U Sagittae 14.4 +19 26 65— 9.0 3 09.1 7 & 27 12; 3 7: 23 18 
Z Vulpec. 17.5 +25 23 7.3— 8.5 2 10.9 6 23; 21 17; 5 10; 27 12 
TT Lyrae 243 +41 30 9.4—11.6 5 05.8 5 5; 20 22; 5 16; 21 9 
UZ Draconis 26.1 +68 44 90— 9.8 1 15.1 5 20; 25 10; 7 11; 20 12 
SY Cygni 19 42.7 +32 28 1u —12 6 00.2 6 18; 24 18; 5 18; 23 19 
WW Cygni 20 00.6 +41 18 9.3—13.4 3 07.6 7 0:2 6: 2 13: 3 10 
SW Cygni 03.8 +4601 9. —11.7 4 13.8 421;23 4 1 @ 10 15 
VW Cygni 11.4 +3412 98—11.8 8 10.3 8 16; 25 13; 2 23; 19 20 
RW Capric. 12.2 —17 59 8.8—10.6 3 09.4 7 02013: 3 3 23 12 
UW Cygni 19.6 +42 55 10.5—13 3 10.8 7 3; 20 22; 3 17: 24 10 
V Vulpec. 32.3 +2615 8.2—9.8 37 19.0 15 12 22 6 
W Delphini 33.1 +17 56 9.4—12.1 4 19.4 8 19; 28 0; 6 15; 25 20 
RR Delphini 38.9 +13 35 10.5—11.8 4 14.4 3 10; 21 19; 9 5; 27 14 
Y Cygni 48.1 +3417 7.1— 7.9 1 12.0 sim &: ££ gee 
WZ Cygni 49.3 +38 27 9.9—10.8 0 14.0 3 0;18 4; 2 9:25 4 
RR Vulpec. 20 50.5 +27 32 9.6—11.0 5 01.2 § 21;26 2; § 4,25 9 
VV Cygni 21 02.3 +45 23 12.1—13.8 1 11.4 4 20: 19 15; 3 9; 25 13 
AE Cygni 09.0 +30 20 10.8—11.4 0 23.3 9 13; 28 22; 7 15; 27 0 
RY Aquarii 148 —11 14 88—10.4 1 23.2 8 3: 23 21; 8 15; 24 8 
RT Lacertae 21 57.4 +43 24 9.1—10.5 5 01.7 3 9; 23 16; 2 20:23 3 
UZ Cygni 55.2 +43 52 8.9—11.6 31 07.3 : ae | 21 9 
RW Lacertae 22 40.6 +49 08 10.2—11.2 5 04.4 115: 22 9: 1 18; 22 11 
TT Androm. 23 08.7 +45 36 11.3—12.6 2 18.4 2 22; 19 12; & 2 21 t7 
Y Piscium 29.3 + 7 22 9.0—12.0 3 18.3 7 15; 22 16; 6 18; 21 19 
TW Androm. 23 58.2 +3217 86—11.5 4 02.9 1 & 17 17; 3 S: 27 22 
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NOTES FOR OBSERVERS. 


Monthly Report of the American Association of Variable Star 
Observers, April, 1919. 


A much better showing of observations has been made this month. Messrs. 
Bouton, Luyten, McAteer, and Pickering deserve special credit for their excellent 
lists. 

The abbreviations which stand for the new observers included in this report 
are as follows:—Barritt, Bt; Block, Bk; Henry, Hy; Munson, Mn; Reed, Rd; Rhorer, 
Ro; and Yalden, Ya. 

SS Aurigae, 060547, rose to maximum between May 2 and 3, indicating a 
lengthening of the period again to fifty-five days. SS Cygni, 213843, has just passed 
through a long anomalous type of maximum, and needs careful watching during the 
coming months. R Scuti, 784205, has dropped to minimum and at the last obser- 
vation had reached the magnitude 7.1. 

The Spring Meeting of the Association, held at the home of Mr. D. B. Pickering, 
in East Orange on May 3, was a very successful affair, sixteen members and two 
guests being present. In the absence of both President and Secretary, Mr. Pickering 
and Miss Reed were chosen to fill the positions, pro tem. A meeting of the Council 
was held in the afternoon and the following new members admitted : 


Miss Mary D. Applegate, Harvard College Observatory 

Mr. Charles T. Dozier, University of California 

Miss Margaret Harwood, Maria Mitchell Observatory, Nantucket 
Mr. William Hodgkinson, Jr., Sheffield, Mass. 

Mrs. C. E. Kellogg. Stafford Springs, Conn. 

Mrs. E. S. Morris, Nantuckett, Mass. 

Mr. S. K. Proctor, Battle Creek, Michigan 

Mr. Rufus O. Suter, Jr., Warren, Pennsylvania 

Dr. William H. Woglom, New York City 

Mr. Laurence D. Yont, Harvard University. 


A committee was appointed to arrange for a suitable memorial pamphlet to be 
printed for the Association, which would contain an account of the close relationship 
with the late Professor Pickering. This committee composed of Messrs. Olcott 
(Chairman) and Barns, Misses Cannon and Young, was also instructed to draw up 
a set of resolutions expressing the loss which the Association had experienced in 
the death of Professor Pickering. 

Miss Cannon read several letters which she had received from prominent astron- 
omers who had known Professor Pickering and his work, and who felt keenly the 
great loss to science from his death. This was followed by reminiscences and ap- 
preciation by Miss Young and Messrs. D. B. Pickering and Campbell. 

The report of the Lantern Slide Committee indicated good progress toward the 
collection of slides to be loaned to members for lectures, and over two hundred 
slides are already in possession of the Association by gift or loan. The hope was 
expressed that members having slides to donate or loan would communicate with 
the Chairman, Professor S. I. Bailey, Harvard College Observatory. 

















Mar. 0 = 2422018 


001032 
S Sculptoris 
J.v. 
242 
2015.5 7.84 


001755 
T Cassiop. 
2031.3 10.5 Lt 
41.3 11.0 
51.6 11.4 


001726 
T Androm. 
2019.3 13.3 Lt 


001838 
R Androm. 
2019.3 12.9 Lt 


002438a 
T Sculptoris 
2015.5 9.9 6 


002546 
T Phoenicis 
2015.5 12.6 6 


004958 
W Cassiop. 
2042.4 11.8 Lt 


012350 
RZ Persei 
2068.6 10.0 Y 


014958 
X Cassiop. 
2042.4 13.0 Lt 
46.6 11.1 B 
68.6 12.7 Y 


015354 
U Persei 
2920.5 10.3 Lt 
42.4 9.7 
51.4 9.4 


021024 
R Arietis 
2019.3 10.6 Lt 
31.3 9.6 
41.3 87 
51.3 8.3 


021143 
W Androm. 
2051.3 12.2 Lt 


021281 
Z Cephei 
2070.6<11.5 V 


Est Obs. 





Notes for Observers 399 
VARIABLE STAR OBSERVATIONS, April, 1919. 
Apr. 0 = 2422049 May 0 = 2422079 
021403 035124 044349 052034 
o Ceti T Eridani R Pictoris S Aurigae 
J.D. Est.Obs. J.D. Est. Obs. J.D. Fst.Obs., J.p Est.Obs. 
242 242 242 242 
2019.3 8.7 Lt 2013.6 11.7 Tp 2013.1 8.8 Tp» 2051.6 9.8 Pi 
15.6 1215 39.6 7.2Tp 626 90M 
022150 39.5 13.0 41.6 7.25 71.5 9.8 Pi 
RR Persei wor 45.7 69Tp 71.6 9.8 Wh 
* 040725 ‘ Or 
2068.6< 13.0 Y W Erideani 044817 72.6 958B 
023133 2013.1 11.8 Tp, — V Tauri. 052404 
R Trianguli 39.6 12.2 Tp 2051.6 9.0 B S Orionis 
2019.3 61 Lt 425 1255 715 9.6 Pi 20194 10.1 Lt 
41.3 7.5 45.6 12.4 Tp 045307 “3 $7 
51.3 8.0 042215 R Orionis 51.4 9.5 
024356 W Tauri 2051.6 10.72Y 053068 
W Persei 2053.6 10.0 B 70.6 10.3 S Camelop. 
2050.6 9.5 Pt 042209 045514 20205 8.8 Lt 
56.7 9.5Mu __ R Tauri R Leporis 41.4 8.3 
_-, 20496 115 B 20413 78Lt S14 84 
0250350 70.6<121B 50.0 7.6 Pir 787 86 Pi 
R Horologii 50.6 5 Pt 
2011.6 4.6 Tp, 4309. ot a. 606i 
12.6 5.6 52 op4g@- 130 B nee T Orionis 
15.5 5.6 gaa 050003 2049.6 96B 
42.5 5.2 043065 V Orionis 50.5 9.5 Pi 
a TCamelop. 2051.6 12.6 Y 
025751 2041.5 9.1 Lt 050953 053326 
T Horologii 51.4 89 R - - RR Tauri 
2012.1 11.8 Tp: 61.6 8.7 Who94j oo .. 2070.6 10.9 B 
15.5 11.6 6 0 Lt al 
42.5 13.0 043274 51.4 9.0 053531 
¢ py 51.6 9.1 Pi U Aurigae 
45.6 12.9 Tp X Camelop. 627 90M 205 ’ 
. 20205 128 Lt % OM 2051.6 11.0 Pi 
031401 aA 118 70.6 95V 516 113 Y 
X Ceti 506 102B 71-5 100 Pi 71.6 112 Pi 
20193 92Lt os 104 Lt 051247 72.6 11.6B 
032043 67.6 9.1 Wh T Pictoris 205 
Y Persei 68.6 88 Y 20123 8.1 Tp, 5 eal 
2050.6 96 Pt 78.7 82Pi 156 7.95 90424 8.1 Lt 
56.7 9.8 Mu 20.1 7.9Tp2 51.4 8.0 
os tes 39.6 8.1 Tp 
a ; i 41.6 828 054319 
Re -2051.6< 121 B 45.7 83 Tp SU Tauri 
2019.3 11.4 Lt 043263 051533 20466 9.5 B 
413 89 R Reticuli © TColumbae 496 95 
50.6 8.6 Pt 2013.1 9.9 Tp:20126 11.9 Tp, 496 9%7 Y 
51.4 89Lt 247 1065 156 11.78 50.6 9.5 B 
ae 202 113 Tp, S16 95 
033362 043562 396 94Tp 216 9.5 Pi 
U Camelop. R Doradus 416 955 51.7 9.6 Wh 
2020.5 81 Lt 20136 54Tp 457 g9Tp 526 95 8B 
41.5 7.5 ‘ 53.6 9.5 
514 77 043738 052036 546 9.5 
R Caeli W Aurigae 68.6 9.5 Y 
034625 20126 10.75 20516 1060B 706 96B 
U Eridani 12.6 106Tp 51.6 99Pi 706 95V 
20136 105 Tp 39.6 10.9 71.6 95 Hu 716 958B 
15.5 1055 416 1125 716 93Pi 716 9.5 Pi 
42.5 11.5 45.6 11.0 Tp 71.6 92Wh 726 95B 
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VARIABLE STAR OBSERVATIONS, April, 1919—Continued. 


054615a 
Z Tauri 
J.D. Est. Obs. 


242 
2068.6 11.6 Y 


054615b 
RS Tauri 
2068.6 88 Y 


054615c 
RU Tauri 
2068.6 11.4 Y 


054629 

R Columbae 
2013.1 9.7 Tpe 

156 9846 

24.6 9.8 Tp 

39.6 10. 

41.6 11. 

45.7 11. 


aco 
Ce oad 


p 


054974 
V Camelop. 
2020.5 13.2 Lt 
68.6 12.8 Y 


054920 
U Orionis 
2019.4 12.2 Lt 

41.3 11.6 

49.6 11.1 8B 

51.4 11.1 Lt 

51.6 10.5 Pi 

70.6 9.9 Hu 

71.6 10.0 Pi 


055353 
Z Aurigae 
2051.6 9.4 Pi 
55.6 92M 
71.6 10.8 Pi 
76.6 10.6 B 


055686 
R Octantis 
2014.1 11.6 Tpe 
15.6 11.4 6 
24.6 11.4 Tp 
39.6 yi | 
41.6 11.46 
45.7 11.3 Tp 
060450 
X Aurigae 
2051.6 11.3 Pi 
68.6 12.3 De 
68.6 11.6 M 
70.6 12.0 Wh 
71.6 11.4 Hu 
71.6 11.5 Pi 
72.6 12.3B 


060547 065208 072820b 
SS Aurigae X Monoc. Z Puppis 
J.D. Est. Obs. J.D. Est.Obs. J.D. Est. Obs. 
242 42 242 
2049.6<13.3 Y 2051.1 7.5 My» 2050.5<12.1 Pi 
51.6< 12.4 Pi 
516<133 Y 065355 072811 
62.6<12.4 M R Lyncis T Can. Min. 
38.6< 13.6 B 2020.5 10.9 Lt 2051.6 12.6 Ba 
68.6<12.6 De 41.4 9. 68.6 12.3 M 
68.6< 12.4 M 51.4 9.5 70.6 11.9 Ba 
68.6<13.3 Y 51.6 9.5 Pi 0735 
70.6<140B 536 918 08 
70:6<114V 686 87 Y | UCan. Min. 
70.6<13.3 Y 71.6 88 Pi —. “ . 
71.6< 13.9 B 070122a 517 93 B 
71.6<12.4 Pi seo + =... 

R Gemin. 68.6 9.7M 
71.6<13.3 Y 2019.4 10.7 Lt 68.6 9.5 Pi 
72.6<14.0 B 41.4 10.6 716 8.9 Hu 
76.6 < 13.7 51.4 11.6 : 

061647 51.6 11.1 Pi 073723 
V Aurigae 51.6 11.2 Wh S Gemin. 
2068.6 11.8 M 68.6 12.0 De 2042.4 13.6 Lt 
72.6 123B 70.6 12.0 B 51.4 13.6 
70.6 11. 
06 1702 . 9 Hu 074323 
V Monoc. 070122c T Gemin. 
2050.5< 11.9 Pi wad ahs 2042.4 12.2 Lt 
063159 Saale 70.6 13.6B 
U Lyncis 
2051.6 11.0 Pi _ V Can. Min. 074922 
686 111M 2076.6<13.3 B . U Gemin. 
2020.5 14.0 Lt 
68.6 11.8 Y 070310 41.4<13.7 
71.6 11.4 Pi R Can. Min. 425 141 
76.6 11.8 B 2050.6 78B 46.6<13.3 B 
063308 51.6 82 Pi 496<13.3 Y 
R Monoc. 70.6 7.9 Hu 50.5 14.0 Lt 
2050.6 11.7 B 716 83 Pi 514 141 
70.6 11.5 071044 51.6 < 13.3 B 
063558 L. Puppis 51.6< 12.4 Pi 
: re 51.6 13.7 Y 
S Lyncis 2015.6 4.4 6, 5 4 r 
2051.6 90B 425 5.85 16 133 Y 
aa a3 ee 55.6 10.0 M 
brag 5 071201 55.6 10.0 Y 
68.6 9.5 M RR Monoc. 63.6< 10.9 Jk 
71.6 8.6 Hu 2068.6<11.7 Pi 686<137 Y 
7i.6 9.5 Pi 70.6< 14.0 B 
71.6 9.0Wh 071713 ‘$< 12 
Nicene 70.6<12.5 Hu 
V Gemin. 
064030 2041.4 11.6 Lt 70.6<11.7 V 
X Gemin. 51.4 11.6 71.6 14.0 B 
2041.4 12.3 Lt 70.6 11.4 Wh 71.6<11.7 Pi 
514 11.7B ie bee 76.6<13.8 B 
70.6 10.8 B - a 76.6<11.7 Pi 
71.6 10.6 Pi ova onoc, - 
2015.6 12.8 6 075612 
064707 39.5 13.3 iene avy 
W Monoc. ; 6 12.6 
2071.6 93 8B 072708 | 
S Can. Min. 081112 
065111 2068.6 11.8 M R Cancri 
Y Monoc. 70.6 121 B 2041.3 8.1 Lt 
2051.6< 13.0 Y 70.6 12.0 Wh 506 7.58B 


R Cancri 
J.D. Est.Obs. 
42 


2 

2051.4 
51.7 
70.6 
71.6 
71.6 
78.6 


081633 
T Lyncis 
2071.6 8.1Hu 


081617 

V Cancri 
2050.6 9.1B 
50.6 9.0 Pt 
51.7 9.8 Pi 

71.6 10.4 
76.6 10.8 B 


083019 

U Cancri 
2051.7 11.0 Pi 
70.6<11.6 V 


083350 
X Urs. Mai. 
2051.7 10.3 Pi 
52.6 10.6 B 
68.7 11.0 M 


084803 
S Hydrae 
2050.6 10.8 Pi 
68.6 9.4 
71.6 938B 


085008 
T Hydrae 
2041.4 
50.6 
50.6 
51.4 
68.6 1 
76.6 1 


085120 
T Cancri 
2051.7. 9.7 Pi 


090151 
V Urs. Maj. 
2051.7 10.6 Pi 
68.7 10.8 M 
76.6 10.4 De 
76.6 10.5 Pi 


091868 
RW Carinae 
2014.6 12.7 Tp 
15.6 12.4 6 
24.6 11.6 Tp 
24.7 11.8 6 
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VARIABLE STAR OBSERVATIONS, April, 1919—Continued. 
094262 120012 132202 
RW Carinae / Carinae SU Virginis R Virginis V Virginis 
J.D. Est.Obs. JD. Est. Obs 3.7. Est.Obs. J.D Est.Obs. J.D. Est.Qbs. 
242 242 242 242 242 
2025.7 11.7 Tp 2012.6 3.45 20285 94Ja 50.6 7.0 Pi 2072.7 133B 
39.6 9.9 12.6 3.4 Tp; 40.4 10.5 41.4 7.1Lt 
42.6 10.1 4 156 35 Tp 51.7 108 Pi 534 6.9 Ja 132422 
45.7 ¥8 Tp 202 3.94 546 101 B 686 7.6 Pi R Hydrae 
092962 v4 .- > 70.6 108 Vi 68.7 7.7 M 20426 8.9 6 
R Carinae 9. 9 Tp 70.6 7.7 Pt 
2012.6 7.2 Tp, 41.6 3.7 3, 1 Vudale 76.6 8.2 De 132706 | 
15.6 7.48 456 3.4 TP oy71¢ 1308 S Virginis 
ba 0, ‘ 2028.4 7.0 Ja 
24.7 7.9 094622 123459 
) 39.6 84Tp  y Hydrae 121418 Rite. Mw. “2 2 
416 935 909506 7.0 Pi RCorvi sogg7e132M 414 7-6 Lt 
45.7 84Tp 686 73 2068.6 12.4 M 51.4 8.2 
093014 73.7 70 Pt “16 13.2 B 68.6 8.4 Pi 
. : 961 71.8 86M 
erry 100661 122001 Ure Mai 73.7 92 Pt 
2050.6 11.0 Pi * SS Virginis S Urs. Maj. ee 8 
686 10.2 S Carinae 2019.3 8.2 Lt 76.6 8.5 My 
' “2013.6 «7.5 Tps2054.7 83 B 374 86 Ja 
093178 193 7.365, 686 90Pi 4;4 g3tut 133273 
Y Draconis 25.7 7.3 Tp 687 97M ggg g4B T Urs. Min. 
2049.6 10.6 Y 41.7 7.0 d: 122582 506 8&7 Pt 2019.4 10.1 Lt 
68.6 11.3 45.7 6.5 Tp T Can. Ven 51.6 9.0 Lt 41.3 10.3 
093934 103212 2193 12011 51.6 88Wh Sif 106 
R Leo. Min. U Hydrae 41.4 12.6 51.6 8.8 Y ; acini 
2019.4 7.6 Lt 20156 605 51.7 120 Pi 8 86M 133633 
41.3 88 55.6 115M 7 93 Mu aoln 
51.4 9.0 103769 76.6 10.6 De 70-6 104V sige 79 7 
51.7. 93 Pi RUrs.Maj. 766 106 Pi 706 98Y “Ye gy 5” 
68.7 95M 2037.4 8.0 Ja 76.6 10.4 De 257 85 T 
716 95Hu 41.3 78Lt — 429803 76.6 10.1 Hu 45¢ 715. 
73.7 9.5 Pt 51 7.7My: y Virginis 787 103 Pi 457 gg T, 
76.6 98Pi S16 81 Lt 20466 12.0 B en pila 
6 98Ya f36 72B te 188 Y Can. Ven. 134236 
094023 56.7 7.8 Mu 123160 2019.3 5.9 Lt RT Centauri 
RR Hydrae 626 7.7 My T Urs. Mai. 41.4 5.6 2014.1 11.4 Tp, 
2012.6 10.4 Tp 696 81My,20193 68 Lt S515 5.7 15.6 11.3 Tp 
15.6 10.2 6 71.7. 82W 37.4 7.3 Ja 17.8 11.3 6 
426 11.8 718 80M 413 78Lt 124204 42.6 12.2 
45.7 120Tp 769 83My, 46.6 7.3B RU Virginis 45.6 11.6 Tp 
094211 78.7 80 Pi 516 79 Lt 7246 120B 
R Leonis 16 70Wh ‘S86 11.8 Pi 134440 
2020.5 9.3 Lt 104620 516 soy 1-7 1088B ein Wek 
214 92 Ja $VHydrae 518 77M 124606 2019.3 11.4 Lt 
28.4 8.9 2050.6 7.3 Pi 55.8 8.0 U Virginis 41.4 11.1 
=. “ oe 716 73 Pt 676 85 Pt 404 94 51.7 11.4 Pi 
51.1 7.3My2 _ 104814 708 a2 Y" oo 356 ‘ie u 
51.4 7.2 Lt , W Leonis 76.1 89My. 131283 62.6 10.7 M 
51.7. 7.2 Pi 2070.7 12.9 Y 766 8.9 4 > mt psa : 

. .9 De U Octantis 70.6 10.4 Y 
=? 4 4 114441 76.6 8.6 Hu 2015.6 12.8 5 76.6 11.0 Pi 
626 68 My X Centauri 78.7 9.0 Pi = 25.7 13.2 Tp 134677 
~ } 2012.6 13.4 6 42.6 13.5 6 poi Ae 
69.6 7.2 Mys 447 133 123307 T Apodis 
71.6 7.5 Pt 7 R Virginis 131546 2012.6 10.6 Tp, 
71.6 6.7 Wh 115919 2028.4 7.9 Ja V Can. Ven. 15.6 10.4 Tp 
76.6 7.3 Pi R.Com.Ber. 40.4 69 Ja 20193 74Lt 178 1023 
76.6 66Ya 2071.6 124B 414 74Lt 414 7,1 42.7 92 
77.6 7.4My: 76.6 12.0Wh 466 7.1B 51.5 69 45.6 9.3 Tp 
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VARIABLE STAR OBSERVATIONS, April, 1919—Continued 


135908 154428 160325 
RR Virginis V Bootis R Cor. Bor. SX Herculis 
J.D, Est.Obs. J.D. Est.Obs. J.D. Est. Obs. J.D. Est.Obs. 
242 242 242 42 
2068.6 11.8 Pi 2053.5 8.8 Lt 20205 6.4 Lt 20414 88 Lt 
140113 55.6 83M 405 5.7Ja 514 86 
Z Bootis 68.9 8.0My, 41.4 63 Lt 
20414 122 Lt 20-6 83 Pt 506 6.0 Pi 160625 
515 127 70.6 8.7 Ro: 50.6 65 WE pty Herculis 
578° 130M 206 88 Wg 514 64Lt oogrg 83 It 
706 134 Y 766 80 Hu 51.6 6.2Wh*4o5 ge 7. 
, a 76.7 8.0Pi S17 GOPi cry seit 
140512 76.9 7.7My; 51.7 65 We 3:3 95 m 
Z Virginis 143297 51.8 6.0 M 2 : 
2042.5 10.5 Ja R B : 57.8 6.4 Mu 
50.6 10.9B sory —% Lr 80.9 6.0 Pt 161138 
72.7 12.0 cae ti + 62.7. 6.5 Wg W Cor. Bor. 
140528 = SLA “123Lt G76 G3RO S14 BALL 
RU Hydrae 51.7 12.0 Pi 676 65 wg 51.6 82Y 
2014.6 120 Tp 706 111 Wh 677 65 Mu 51.7 8.2 Wh 
15.6 12.5 727 116B 697 60M 706 86Y 
17.7 1275 766 113 Hu 796 59 Pr 708 9.2M 
45.7 13.3 Tp 144918 70.6 6.5 Wg 
140959  ._U Bootis 70.7 6.4 De 161122a 
R Centauri 2072.7 10.9 B ed o 2 R Scorpii 
2014.6 6.4 Tp 145254 717 6.5 We 2070.8< 12.4 M 
a Se. at, mi sim sm 
21.7 6.4 seipslibens 746 5.8 S Scorpii 
41.7 6.4 151731 ys Y bi 2070.8< 12.4 M 
456 6871 od Belt 767 60 Pi 161122 
141567 S491 77.9 62Pt — T Scorpii 
U Urs. Min. ? : 154536 ny 
51.6 90 Y 2070.8 10.6 M 
2019.4 12.2 Lt 51.7 9.0 Wh X Cor. Bor. 
42.4 11.7 518 88M 2041.4 11.0 Lt 161607 
76.7 10.3 De 737. 96 Pt 51-8 11.5 M 
78.7 10.2 Pi 72.7 13.0 B 162119 
141954 151714 154639 U Herculis 
; S Serpentis VCor. Bor. 2020.5 11.1 Lt 
SBootis, 2042.5 13.4 Lt 99906 8.7 Lt 415 117 
2070.6 12.2Wh 514 132 “4 98 a to 
72.6 12.3B : . ; 
76.7 122 De 152849 51.4 9.7 54.8 11.4 M 
. ‘ R Normae 51.8 10.1 M 
142205 = 2015.6 8.0 Tp 154615 161112. 
RS Virginis 17.8 864 R Serpentis V Ophiuchi 
2042.4 88 Lt 456 9.5 Tp 20206 82 Lt 2042.6 9.5 Lt 
42.5 86 Ja 153378 40.5 80 Ja 9516 9.5 
51.6 81 Lt : 41.4 7.4 Lt 70.7 8.8 De 
Urs. Min. 51.4 72 75.8 88M 
142584 2019.4 9.8 Lt 518 71M ‘ 
R Camelop. 41.4 10.0 7007 76V 162807 — 
2041.3 10.6 Lt 51.4 10.0 716 76 Pt ..SS Herculis 
51.7 10.0 56.7 10.5 Mu © 2020.6 9.4 Lt 
67.6 9.2Wh 78.7 10.6 Pi 160210 41.5 10.0 
U Serpentis 515 10.7 
142539 153654 2041.5 121 Lt 
VB T Normae 51.4 12.0 163172 
2041.5 092 Lt 2015.6 92Tp 57.8 12.5 MR Urs. Min. 
50.7 90B 178 916 70.7 4 De 20548 97M 
51.7 85 Pi 45.6 7.7Tp 71.6 11.0 Y 78.7 10.0 Pi 


163137 
W Herculis 
LP. Est.Obs. 
242 
2041.5 
51.4 
51.6 
51.8 
71.6 
73.7 
75.9 


163266 
R Draconis 
2019.4 
41.3 
51.6 
54.8 ? 
70.6 12. 
72 32 


164055 
S Draconis 
2051.8 88 M 
tar 6068 Pe 


164319 
RR Ophiuchi 
2078.8 9.9 M 


164715 
S Herculis 
2041.5 12.0 Lt 
51.5 12.0 
75.8 10.0 M 


164844 
RS Scorpii 
2015.6 7.6 Tp 
45.6 8.2 


165030 
RR Scorpii 
2015.7 6.9 Tp 
17.8 


165202 
SS Ophiuchi 
2075.8 12.5 M 


165631 
RV Herculis 
2078.8< 12.7 M 


170215 
R Ophiuchi 
2075.8 11.2 M 


170627 
RT Herculis 
2078.8<12.2 M 
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VARIABLE STAR OBSERVATIONS, April, 1919—Continued. 


171401 180666 
Z Ophiuchi X Draconis 
J.D. Est.Obs. J.D. Est. Obs 
242 242 
2042.6 8.5 Lt 2078.7 11.2 Pi 
51.5 8.6 : 
60.9 8.2 Pt 181136 
75.9 85 V W Lyrae 
78.8 84M 2041.5 9.7 Lt 
51.5 . 9.7 
51.8 9.6 M 
171723 — 70.6 91Y 
RS Herculis 
2041.5 10.9 Lt 181103 
51.5 10.8 RY Ophiuchi 
57.8 91M 20426 8.6 Lt 
77.9 8.5 Pt 51.6 8.8 
57.8 93M 
172486 : 
S Octantis 182133 
2014.6 11.3 Tp RV Sagittarii 
15.6 126 6 2025.7 88 Tp 
45.6 10.1 Tp 182224 
SV Herculis 
172809 
RU Ophiuchi 2041-5 — 
2057.8 11.3 M ‘ : 
182306 
175111 T Serpentis 
RT Ophiuchi 2051.6 10.9 Lt 
2078.8 < 12.4 M 
183149 
175458a SV Draconis 
T Draconis 2070.6< 13.0 Y 
2051.8 10.0 M 
: 183225 
71.6 10.8 Y RZ Herculis 
175458b 2041.5 12.5 Lt 
UY Draconis 51.5 12.5 
2051.8 11.0 M 
183308 
71.6 11.4 Y X Ophiuchi 
175519 2042.6 8.2 Lt 
RY Herculis 51.6 8.0 
2041.5 12.0 Lt 184243 
51.5 12.9 RW Lyrae 
78.8<12.4 M 9068.7<12.3 M 
180363 184205 
R Pavonis R Scuti 
2025.6 8.1 Tp 20426 5.7 Lt 
45.7 10.4 51.6 6.0 
56.9 5.8 P 
180565 60.9 80 ‘ 
W Draconis 70.8 68M 
2070.6<12.0 Y 74.9 7.2 Pt 
oo a 
T Herculis 779 71 
2041.5 7.8 Lt F ‘ 
§1.5 7.8 184300 
51.8 8.0 M Nova Aquilae 
60.9 8.4 Pt 20206 6.2 Lt 
75.7 9.3Wg 35.5 6.3 
77.9 89 Pt 416 6.3 


193732 
Nova Aquilae TT Cygni 
JD Est.Obs. J.D. Est.Obs. 
242 242 
426 63 2057.9 83M 
51.6 6.2 75.9 8.1 Pt 
56.9 6.3 Pt 
57.9 6.3 Ro 194048 
60.9 6.4 Pt _ RT Cygni 
70.8 6.4 M 2041.5 11.5 Lt 
749 64 Pt S515 11.7 
75.9 6.2 V 57.9 11.0 M 
77.9 6.4 Pt 70.7 10.8 Pi 
78.9 6.3 Ro p 
828 65 Bt 194348. 
828 62C TU Cygni 
. 2057.9< 12.4 M 
82.8 6.3 De 
82.8 6.4 Hy 194632 
82.8 6.4 in x Cygni 
82.8 6.5 Pi 20206 11.2 Lt 
nies 35.5 11.0 
sesess 41.5 10.8 
RX Lyrae 51.6 10.3 
2068.7<12.3M 37°95 “o> 
R Aquilae 70.7 8.4 Pi 
2042.6 6.8 Lt 194604 
51.6 7.1 X Aquilae 
2051.6 8.7 Lt 
190967 pd 
U Draconis 57.9 8.7 M 
2068.7 11.9 M 195849 
191019 Z Cygni 
R Sagittarii — oe Lt 
2075.9 10.6 M 578 127M 
191033 0035 
RY Sagittarii Fy nel 
2017.8 66 8 9951.5<143 Lt 
25.7 6.5 Tp 
47.7 6.76 200647 
24 SV Cygni 
191133 
—Sagittarii 2057.9 91M 
2025.8 9.6 Tp 200715a 
P S Aquilae 
191637 ‘ 
U Lyrae 2075.8 10.4 M 
2068.7 9.7 M 200715b 
RW Aquilae 
192745 2075.8 
AF Cygni 075. 8.8 M 
2041.5 7.2 Lt 200938 
51.5 7.0 RS Cygni 
oe 2057.9 83M 
192928 77.9 85 Pt 
TY Cygni 
2057.9 12.3 M 200916 
R Sagittae 
193449 2075.8 89M 
R Cygni 
2041.5 11.6 Lt 201130 
51.5 11.9 SX Cygni 
57.8 12.4 M 2057.9<12.6 M 


201647 
U Cygni 
J.D Est. Obs 
242 
2020.6 Lt 
41.5 
51.5 
57.9 
82.8 
82.8 
82.8 
82.8 
82.8 
82.8 
82.8 
82.8 E 
202539 
RW Cygni 
2057.9 9.4 
202732 
AD Cygni 
2042.6 9.3 
51.6 9.3 
202732a 
AI Cygni 
2042.6 9.4 
51.6 9.3 
202954 
ST Cygni 
2070.8 11.4 


202946 
SZ Cygni 
2057.9 96M 


203226 
V Vulpeculae 
2016.9 8.9 Pt 
70.8 90M 


203847 

V Cygni 
2051.6 10.0 Lt 
57.9 9.7M 


203816 
S Delphini 
2042.6 10.6 Lt 
51.6 10.6 
75.9 9.7M 


204016 
T Delphini 
2051.6 9.4 Lt 
75.9 96M 
77.9 9.7 Pt 


205923 
R Vulpeculae 
2042.6 
51.6 
60.9 
70.9 
75.9 


cc 
Vo) 


G0 90 Ge Go GP Ge Ge 90 so sO sO ¢ 
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VARIABLE STAR OBSERVATIONS, April 1919—Continued. 


210382 213843 222439 233451 
X Cephei SS Cygni SS Cygni S Lacertae . SV Cassiop. 
J.D, Est.Obs. J.D. Est.Obs. ¢.D. Est.Obs. J.D. Est.Obs. }.D. Est.Obs. 
242 249 242 242 2 


4 
2071.6<13.2 Y 2020.6 10.2 Lt 20728 8.2 Hy 2042.6 11.6 Lt 20194 86 Lt 


31.5 11.9 82.8 85 Mn 51.6 11.9 
210868 41.5 8.6 828 8.3 Pi 
T Cephei ; ‘ 4 223462 
42.6 8.4 82.8 8.2 Rd 
2019.4 6.4 Lt 515 11.0 828 83S T Tucanae ‘ 
415 5.9 579<114 M 2015.5 13.5 6 235 150c 
51.7 6.6 : 0 Pi R Phoenicis 
60.6 66 Pt 20.7 10.0 Pi 2015.5 8.0 3 
£ 70.8 95M 223841 
78.7 7.9 Pi 213937 
T1232 632 RV Cygni R Lacertae 
213244 74.9 8.9 Pt oo7'g hg yy 2042.6 9.3 Lt 
W Cygni 75.8 86M 759 80 Pt 51.6 9.4 
20415 59Lt 759 87 Pt 955 85 py 235350 
51.5 6.3 tie 67 : . R Cassiop. 
787 83 Pi 828 83C 230759 2019.4 11.5 Lt 
213678 828 82Bk 828 84 De _V Cassiop. a3 118 
S Cephei , 82.8 8.4 Hy20194 108 Lt 514 19'5 
2019.4 106 Lt: 828 83C g28 g89Mn 41.3 113 ’ , 
43.5 10.7 82.8 83 De 828 81 Pi 51.6 118 


No. of Observations: 979 No. of Stars Observed: 251 No. of Observers: 26 


The guests of the evening were Mr. Leon Barritt, publisher of The Monthly 
Evening Sky Map, and Mr. William Henry, a leading newspaper photographer of 
New York. 

On the invitation of Professor Bailey, it was voted to hold the Fall Meeting at 
Harvard College Observatory on Saturday, November 8, 1919. The following slate 
was adopted for election at the November meeting :— 


President: Leon Campbell 

Vice Presidents: Anne S. Young John J. Crane 

Council: David B. Pickering C. T. Whitehorn 
S. C. Hunter Dorothy W. Block 


Following the meeting, numerous observations of variable stars were made in 
Mr. Pickering’s well equipped observatory. Observations of the two red variables, 
U Cygni and RV Cygni, by eight observers resulted in an average error of only 0.14 
magnitude, while for SS Cygni and Nova Aquilae No. 3 this amounted to only 
0.05. SS Cygni was at maximum, magnitude 8.3, and Nova was of magnitude 6.4, 
slowly decreasing in light. 

The meeting broke up in the- “wee small hours,” all fully appreciative of the 
kind hospitality of the hosts, Mr. and Mrs. D. B. Pickering. 


The following observers contributed to this report:—Messrs. Barritt, Bouton, 
Campbell, Dawson, Delmhorst, Henry, Hunter, Janczewski, Luyten, McAteer, Mundt, 
Munson, Murray, Peltier, D. B. Pickering, Rhorer, Tapia, Vrooman, Whitehorn, 
Woglom, Yalden, and Misses Block, Jenkins, Reed, Swartz, and Young. 


Ipa E. Woops. 
Acting Secretary. 
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COMMUNICATIONS. 


A Strange Aurora?—When returning to my home on the night of May 2, 
about 11:25 p. m. (Summer time), I noticed a bright beam of light spanning the sky 
almost directly overhead and reaching from the western horizon clear to the eastern 
in the form of an immense arch. It resembled the rays of a powerful searchlight, 
but had a dark rift running through it, dividing it into two parts. The light was 
very steady, with no evidence of flickering or rapid movement such as a searchlight 
or Aurora would have. The beam slowly changed its form, one side fading out, 
leaving a single beam. Later it split up again, only to resolve itself back into one 
again. . 

Then a strange thing occurred. The single beam slowly broke up into segments 
of different widths and brightness, as if broken up by some disturbing influence. 
Then it blended into a broad and fainter beam which slowly widened and _ finally 
faded out entirely. 

In one hour it had disappeared completely. The night was clear and cloudless 
and when I first saw the phenomenon, it passed between the stars Gamma and 
Zeta in Leo, eastward through Arcturus to the horizon, The whole beam had a 
slow drift southward and when last seen it passed through Beta and Delta Sextantis 
eastward through Delta and Epsilon Ophiuchi, having moved this distance in about 
40 minutes. 

In appearance it resembled the tail of a comet, the Yerkes photograph of 
Halley's comet May 5, 1910, found on page 92 McKready’s “Star Book” bearing a 
striking resemblance to what I saw. 

It was perfectly transparent but grew very bright at times, having at one time 
almost blotted out the second magnitude star Gamma Leonis. Its width varied, but 
when first seen just filled the space between Gamma and Zeta Leonis, and just be- 
fore it faded out it was fully twice as wide. 

The writer realizes that the above is a very crude description of a truly won- 
derful sight and hopes that it has been observed elsewhere by practical astronomers, 
who will give a more detailed and accurate account of it. 

338 Franklin St., WILLIAM H. WAGNER. 
West Reading, Pa. 
May 4, 1919. 





Fatalities during Hailstorms.—lIn response to Professor W. H. Picker- 
ing’s query on page 12 (January number) of the current volume of PopuLAR ASTRON- 
omy, as to whether a case has ever occurred where people were killed or severely 
injured by hail stones, Professor C. F. Talman of the U. S. Weather Bureau sends 
the following note: 

Yes, several times in India. On April 30, 1888, hailstones as large as pigeon 
eggs killed 230 persons at Moradabad and 16 at Beheri. An account of this storm 
is given in Report on the Meteorology of India, 1888, p. 69-70, and this and other 
cases of fatalities due to hail are recorded by J. Eliot, ‘Hailstorms in India.”’ Indian 
Meteorological Memoirs, v. 6, no. 6, p. 237-316, Calcutta, 1899. 


C. F. TALMAN. 
U. S. Weather Bureau, Professor of Meteorology 
Washington D.C. in charge of Library. 


May 19, 1919. 
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Solar Halos.—I observed yesterday morning a most beautiful and what 
must be a very unusual phenomenon, and would like to have it explained. 

About 10:15 my attention was called to a bright ring encircling the sun, a ring 
apparently 20 or 22 degrees in diameter and having all the colors of the rainbow, 
the darker shades on the inside and fading out to light blue on the outside. (Hav- 
ing observed this same phenomenon as recently as two years ago—June 3, 1917— 
I was neither surprised nor astonished.) But this was not all. Equally as distinct 
and without break, though lacking the colors, was a larger ring—40 or 45 degrees in 
diameter—silhouetted on the sky and extending far westward of the zenith, the 
sun being in the circle line as shown on rough diagram herewith, 

Within 20 minutes fron the time I first noticed it, the larger ring had faded. 
The smaller one was still plainly visible at 12 o'clock and did not entirely disappear 
until after 1. The sun was shining brightly all the while, though the sky was 
sprinkled with light, feathery clouds. 


S. LYNN RHORER. 
Atlanta, Georgia, 


May 19, 1919 


The phenomena referred to are produced by the refraction and reflection of 
sunlight by ice crystals in the atmosphere. For a similar observation see PopuLAR 
Astronomy Vol, XX p. 1, January 1912. EbITor. 





Eclipses of the same Series with that of May 29, 1919.—The 
eclipses of this series all take place at the descending node and the series is slowly 
moving north. 


First eclipse of the series...... Sept. 8, 1504 Annular 


First total eclipse.................. Jan. 17, 1703 Total 
Central one of series............. July 21, 2009 Total 
Last one of series ................. May 14, 2496 Total 


The two eclipses preceding the central one (those of June 30, 1973 and July 11, 
1991) will have very long duration of totality in the central line (over 7™ 10° at 
some points). I have not mentioned the partial eclipses at the beginning and end 
_ of the series. 

F. E. SEAGRAVE. 





Venus.—On the afternoon of April 23 at 3" 5" summer time I happened to 
turn the 814 inch to Venus, which was less than half an hour east of the meridian 
and in high northern declination (++ 23°), and I was greatly surprised to find the 
“seeing” excellent. Ducing the past forty or forty-five years I have never seen 
Venus so sharp and well defined—the most difficult of all the planets to get a 
satisfactory view of. For fully ten minutes the planet was perfectly steady and 
sharply defined and I am very sure that I could see faint traces of the spoke-like 
markings near the center of the disk. The markings were very much like those seen 
and described many years ago by the late Dr. Percival Lowell. 


FRANK E. SEAGRAVE. 
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Parallax of the Orion Nebula.—Your little note in PopuLar AsTRoNOMY 
for May on the Parallax of the Orion Nebula does not give quite the impression that 
I intended to convey by my paper in the Pub, Ast. Soc. Pacific for April. What I 
meant to say was that in case we adopted Kapteyn’s recently published constants, 
we should obtain a parallax of 0’’.0020, but that I considered to be the largest 
possible value. 

The main difficulty that I find in accepting Kapteyn’s parallax of 0’’.0054 is 
that in my original investigation, a large number of stars of type B were found of 
magnitude 13.5, which were obviously intimately associated with the nebula. If 
we use Kapteyn’s parallax, their luminosity comes out only one-seventh that of the 
Sun, and their masses one-fifth that of Jupiter! Now the stars of type B are the 
brightest and most massive in the sky. According to Eddington (The Interior of a 
Star, p. 18) “A body with a mass less than one-seventh of the Sun’s would never 
reach 3000°, which seems the lowest temperature admissible if it is to shine as a 
star.’ The B stars must necessarily be far more massive than this. 

Using Russell’s constants I obtained a parallax of 0’’.0005 which seems to me 
not improbable. Kapteyn’s constants were evidently obtained with great skill and 
care, and I should be quite ready to adopt an intermediate value between his and 
Russell's, giving for the nebula some such parallax as 0’’.0010. This would give a 
luminosity for 8 Orionis of about 400,000 times that of our Sun. The B stars vary 
through such an enormous range of luminosity however, over ten magnitudes, that 
until some entirely new method of determining the parallax is devised, it does not 
seem possible for us to obtain any more satisfactory results. 

Incidentally it may be mentioned that, as Shapley has pointed out, there are 
about one hundred variables associated with the nebula. With Kapteyn’s parallax 
their luminosity at maximum would be only about one-sixteenth part that of the 
Sun. All other known variables are bodies of large luminosity, in general brighter 
than the solar unit. This independent test we see would imply that Kapteyn’s 
parallax is more than four times too large. 

W. H. PickERING. 





Edward Charles Pickering. 


Springtime still brings Arcturus’ ruddy glow, 
Vega's blue rays, and Spica paly white; 
Summer yet sees Antares fiery bright, 

While Deneb and Altair their beams bestow ; 

In autumn we rewelcome Fomalhaut, 

Aldebaran, and the Pleiads’ dancing light ; 
Orion and his Dogs still deck heaven's height 

While here the gales of winter wildly blow. 

Each season thus restores to us its stars 
While you, who loved them, never will return 

From past the cloudy fringes of the veil: 
We, left behind amid all earthly jars, 
Scan those eternal orbs and there discern 
Your fame live on till time itself shall fail. 
WARREN H. Cupwortu. 
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GENERAL NOTES. 


We are a litttle late in issuing this number of PopuLAR Astronomy because of 
pressure of work in the office of our printers. 





Remember that the next number will not be issued until about August 1. 





Please remember also that PopuLAR ASTRONOMY wants news notes concerning 
any who are engaged in the study of astronomy, especially those engaged in re- 
search work. We have no news collecting agency and so must depend upon indi- 
viduals to send in their own notes, as a rule. 





What has become of the comet seekers? Not a single comet discovered as yet 
this year! 





M. Louis Fabry, assistant astronomer at the Observatory of Marseilles has 
been awarded a prize of 1500 francs, by the Academy of Sciences of the Institute 
of France, for his ephemerides of the minor planets. 





Professor J. Larmor, of Cambridge University, has been awarded the 
Poncelet prize of 2000 francs, by the Academy of Sciences of the Institut of France, 
for the totality of his mathematical researches. 





Major F. RK. Moulton has completed his work in the Ordnance Department 
at Washington and received his discharge. He has resumed his duties as Professor 
of astronomy at the University of Chicago. 





The Adams Prize has been awarded to J. W. Nicholson, professor of math- 
ematics at King’s Collge, University of London. This prize, of £250, is ‘awarded 
every two years for an essay on some branch of pure mathematics, astronomy, or 
other branch of natural philosophy.” It was founded by members of St. John’s 
College, Cambridge, in 1848, in memory of John Couch Adams “the first among 
mathematicians of Europe to determine from perturbations the unknown place of a 
disturbing planet exterior to Uranus.” 





Jerome Coggia, whose name is attached to the great comet of 1874, recently 
died in France, where he served as assistant at Marseilles Observatory from 1866 
to 1917. He was the discoverer of seven comets besides the one that bears his 
name; also of five minor planets. (Scientific American, May 24, 1919.) 





Professor A. M. Liapounoff, professor of applied mathematics at the 
Academy of Sciences of Petrograd, has recently died at Odessa. He is said to have 
committed suicide on account of the conditions of life under the Bolshevist régime. 
He was known to astronomers for his researches on the stability of revolving bodies. 
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Dr. Oliver J. Lee, of the Yerkes Observatory, who since July 1917 has 
been Director of the School of Navigation of the United States Shipping Board in 
Chicago, returns to the Observatory July 1. The school has been in continual ses- 
sion in the past two years. The only students eligible for the course are sailors 
with at least two years sea experience. Up to the present time 262 licensed officers 
have been turned out by the Chicago School, of which 15 were ocean masters 


32 “chief mates 
111 “2nd = 
104 . 2 “3 


Of these 262 men, 51 were officers on ships which were taken over by the navy. 
3 were given the naval rank of Lieut. Commander, 
5 the rank of Sr. Lieutenant, 
12 the rank of Jr. Lieutenant, 
and 25 the rank of Ensign. 
6 of these men were offered commissions, but declined to take them, pre- 
ferring to stay with the Merchant service on some other ship. 
* In accordance with the policy of the Shipping Board, the Schools of Navigation 
will continue possibly for several years. 





The Early Home of Glass tor Telescopes.—Had my visit to France 
had no other object, it would have been well recompensed by the opportunity for a 
notable pilgrimage to the early home of glass for telescopes. In a small valley lies 
a charming little village still called /a Glacerie (or by the villagers themselves 
la Verrerie), though the manufacture has now been transferred to St. Gobain. 
Authentic history begins in 1653, when Richard Lucas, Sieur de Nehon, “succédant 
a une ancienne Verrerie,’ and with certain privileges accorded by Louis XIV 
founded an establishment for making all sorts of “cristaux, verres A vitres, et a 
lunettes.”” In 1673 all the optical work for the observatory of Paris was undertaken 
there, and in 1691 a branch establishment was opened in Paris, which was in 1693 
transferred to St Gobain. The two establishments worked more or less in concert 
for many years, directors of one being transferred to the other. Ultimately the 
whole industry became centered in St. Gobain, and there is nothing left at La 
Glacerie but the old buildings and a very interesting little museum, where one may 
buy a historical notice of the industry and some illustrative postcards. But the 
village itself is beautiful, even without its splendid associations. The constructors 
and users of the 100-inch should remember it on their visits to France. (From an 
Oxford Notebook, in The Observatory, February 1919). 





Parallax of Nova Persei.—The parallax of the bright Nova which ap- 
peared in Perseus in 1901 has been determined as 0’’.0093 by Professor Turner. This 
parallax corresponds to a distance of 350 light-years, or 3,313,450 milliards of kilo- 
meters. Thus the tremendous stellar conflagration observed in the twentieth cen- 
tury occurred about the year 1551. (L’Astronomie, April 1919.) 





The Highest Village on the Earth is noted by a writer in L’Astrono- 
mie, April 1919, as Karzok in Kashmir, latitude 32° 58’ 0’.90 North and longitude 
78° 18’ 13’’.95 East from Greenwich. Its altitude is 4556 meters or 14,946 feet. The 
village contains a few wretched stone houses and a small Buddhist monastery. 
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Record of Altitude in an Aeroplane with a Passenger.—J’Astron- 
omie, quoting from La Nature, states that on January 2, 1919; the English Captain 
Lang accompanied by Lieutenant Blowes, at Martlesham near Ipswich, reached 
an altitude of 9150 meters. This simple incident is a proof of the progress realized 
in aviation. during the war. The feat was accomplished with a military biplane, 
DHY, furnished with a Rolls Royce motor of 250 horse power, of the type employed 
for daylight bombardments. The ascension lasted 66™ 15°; the altitude 7500 meters 
was reached in 38™ 20°. At about 7000 meters the passenger fainted, his reservoir 
of oxygen no longer functioning; the pilot not noticing this continued the ascent; 
at about 8000 meters the cooling apparatus ceased to work and the flow of oxygen 
became irregular; finally, above 9000 meters the motor stopped, the pressure in the 
pump for the oil and gasoline being insufficient. The descent was made slowly 


and at about 6000 meters the passenger recovered consciousness, but his extremi- 
ties were frozen, 





The Distances of Six Planetary Nebulae.—In the “Communications 
to the National Academy of Sciences,” No. 56 Mr. Adriaan van Maanen gives the 
results of his determinations of the parallaxes of six planetary nebulae with the 60- 
inch reflector of the Mount Wilson Observatory. These nebulae all have stellar 
centers which are much brighter than the surrounding nebulosity, so that the rela- 
tive parallaxes are very accurately determined. 

The following table is condensed from the three tables which Mr. van Maanen 
gives : 


N.G.C. Relative Probable Absolute Apparent Absolute Distance Diameter 
Number Parallax Error Parallax Magnitude Magnitude Light-years Light-years 


” ’” ” 


2392 +0.020 +0.003 +0.022 10.0 


+ 6.7 148 0.03 
6720 +0.002 5 +0.008 14.7 + 9.2 403 0.16 
6804 -+0.020 3 +0.022 13.4 +10.1 148 0.02 
6905 +0.013 2 +0.015 14.5 +10.4 217 0.05 
7008 +0.014 4 +0.016 12.8 + 88 204 0.09 
7662 +0.021 +0.004 +0.923 12.9 + 9.7 142 0.02 


The absolute magnitude M is calculated from the apparent magnitude m by 
the formula 


M=m-+5- 5 log zr, 
and the distance in light-years Z by the formula 


3.26 


wT 


L= 


As a light-year (the distance which light travels in a year) is about 
6,000,000,000,000 miles, it will be easy for the reader to obtain some idea of the vast 
distances and enormous dimensions of these rather insignificant appearing nebulae. 

For example, the distance of N.G.C. 2392 is about 400 light-years or 
400  6,000,000,000,000 — 2,400,000,000,000,000 miles and its diameter is about 0.03 
light-years or approximately 200,000,000,000 miles. The diameter of Neptune’s 
orbit is somewhat less than 4,000,000,000 miles. 





The Total Eclipse of the Sun May 29, 1919.—It is too early at this 
writing to have received any reports of the success or failure of the observations of 
this eclipse, which was visible as a total eclipse only along a line crossing the 
equatorial regions of South America, the Atlantic Ocean and Africa. Few expedi- 
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tions, so far as we have been able to learn, were sent out from the Northern Hem- 
isphere to observe the eclipse, although its duration of totality is one of the longest 
possible. 


The Carnegie Institution of Washington, according to “Terrestrial Magnetism” 
March 1919, planned to take special magnetic observations at La Paz, Bolivia; 
Huancayo (north of the belt of totality); near Sobral, Brazil; Ue Principe or 
Libreville, French Congo; and at other stations outside the belt of totality, where it 
was possible to locate field parties. 

The Joint Permanent Eclipse Committee of the Royal Astronomical Society, 
(England) organized two expeditions, the one under Dr. Crommelin and Mr. David- 
son occupying a station at Sobral, Brazil, the other under Professor Eddington and 
Mr. Cottingham located on the Island of Principe in the Gulf of Guinea. At both 
stations the duration of totality was over 5 minutes. The point upon which greatest 
emphasis was to be placed by these expeditions was the testing of the Einstein 
effect of gravitation upon the path of ray of light. At the time of this eclipse the 
sun was Situated in the constellation Taurus, so that a number of bright stars were 


close enough to have their rays appreciably deflected if the relativity theory be 
correct. 





A Complaint from the Southern Hemisphere.—Mr. C. H. Tripp, of 
Timaru, N. Z., writes to the British Astronomical Association to complain of the 
common practice of ignoring the southern hemisphere in certain statements com- 
monly found in books on astronomy. For example, we constantly find views of the 
sun, moon, planets and constellations, labeled “as seen with an inverting tele- 
scope.” It would be proper to add the words “in the northern hemisphere,” since 
in the southern all these objects are seen upside down, as compared with the north- 
ern view of them, and the inverting telescope restores them to the positions in 
which they are seen with the naked eye in northerly latitudes. Another common 
error, says Mr. Tripp, is to describe the sun as always seeming to move in the direc- 
tion of the hand of a watch. In the southern hemisphere the sun’s apparent move- 
ment is just the opposite. He states that even experienced instrument-makers 
become confused on such subjects and send to southern astronomers equatoria} 
mountings for telescopes with the right ascension circles reading the wrong way 
round. In one case a price-list of turbines contained particular instructions to 
purchasers to state whether the turbines were required to turn the way of the sun 
or against the sun. This came from a firm in the northern hemisphere, and might 
easily lead to expensive mistakes if the turbines were to be used south of the 
equator. (Scientific American, May 24, 1918.) 





Norton’s Star Atlas.—From The Observatory for February 1919 we learn 
that a second edition of Norton’s Star Atlas has recently been printed by Messrs. 
Gall and Inglis, 31 Henrietta Street, Strand, W. C., London, England. The price is 
8s 6d net. 





The Bulletin Astronomique.—The name of this journal, published by 
the Paris Observatory since 1884, has been changed since January 1, 1919. 

It will henceforth be known as the Revue Général des Travaux Astrono- 
miques and will contain reviews and abstracts of all recent astronomical publica- 
tions of importance. Each number, appearing monthly, will contain about 48 pages. 
The yearly subscription price is 32 francs for Paris and 34 francs elsewhere. 
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Erratum.—On page 132 of the February 1919 number of PopuLar AsTRoNomy, 
third line from the bottom of the table, the relative parallax of the planetary nebula 
N. G. C. 2392 should read 0.020 instead of 0.320, 





“And do you know any French?” 

“Well, no! Sir; only a word or two, such as Mercy and Japan.” 

“IT see; but—er—what does Japan mean?” 

“Oh! that means ‘bread’ Sir.” (The Observatory, February 1917.) 





Exams!—“A star differs from a planet, because a planet has a tail and a 
star hasn't.” 


“The rotation of the earth means that the world turns round on its own 
abscess.” 





TO THE LENS. 
(“Handbook of the Lick Observatory” page 76.) 


*Perchance that thou 
With cloudless vision slowly sweeping up 
The mighty Nave that cleaves the Galaxy— 
God's visible Tabernacle in the skies, 
Star-built from shining undercroft to dome, 
Past pillared pomp of worlds, and columns wrought 
With fair entangle of amethyst and pearl, 
Thro’ jacinth portals hung with mist of stars, 
And fiery fringe of suns—mayst come at-last 
Even to the Chancel of the Universe; 
And so thro’ glories veiled and far, behold 
The Choral Stars that sang so loud and sweet 
On the first morning when creation sprang 
In dewy beauty from Jehovah's hand. 
Mayhap that thou, with swiftness unconceived, 
Will overtake the light and see the things 
That have been, and that shall be nevermore ; 
Follow the dying star in her swift flight 
Athwart Eternity; track the lost world, 
That drifting past our ken, still gleameth fair 
Upon the confines of some far-off realm; 
Perchance the Star which first spake peace to men 
Will dawn through thee upon the waiting earth; 
And O far-seeing Eye, perchance mayst thou 
Reveal the City Beautiful which lies 
Four-square in midst of heaven, whose shining walls 
Are of fair jasper builded and pure gold; 
Whose battlements are crystal and whose ways 
Are sapphire paven, and whose gates are pearl.” 








